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ABSTRACT
U ltr a s t ru c tu ra l-o io c h e n ic a l  changes and senso ry  c o r r e la ­
t io n s  o f penaeid  sh r in p  during  ic e d  and fro zen  s to ra g e  were 
an a ly zed . The a ro n a , c o lo r  and a c c e p ta b i l i ty  o f "w ild" 
sh r in p , £ . s e t i f e r u s .  from th e  G ulf of Hexico, were judyed by 
s ix  tr a in e d  p a n e l is t s  to  be s u p e r io r  t o .  th a t  o f th e  pond- 
r a is e d  s h r ia p , p. s t v l i r o s t r i s . However, P . s t y l i r o s t r i s  on 
th e  H aster Hix S h ria p  D ie t had a s l i g h t ly  s u p e r io r  f la v o r  
th an  those  fed  with th e  Marine fiation 20 d i e t .  Free aaino 
a c id s ,  p ro l in e , g ly c in e , t a u r in e ,  and g lu ta a ic  a c id  d ec lin ed  
during  the f i r s t  10 days o f ic e  s to ra g e , and in c re a se d  a f te r  
20 days. le u c in e  and ly s in e  in c re a se d  l in e a r ly  du ring  ic e  
s to ra g e  (0-30 days). However, th re o n in e  and a rg in in e  s ig ­
n i f ic a n t ly  (P < 0.05) decreased  f ro a  0-20 days o f ic e  s to ­
rag e  w ith  a co n cu rren t in c re a s e  in  th e  aaino  a c id -red u c in g  
enzyaes. The in c re a se d  c o n c e n tra tio n  o f f r e e  aa in o  a c id s , 
lo s s  o t a a t e r i a l s  of z - l i n e s  and th in  f i l a a e n t s  caused te x ­
t u r a l  changes during ic e  s to ra g e , m  c o n s t r a s t ,  during  f ro ­
zen s to ra g e , d e n a tu ra tio n  o f p r o te in ,  broadening o f z - l i n e s ,  
th e  sh o rten in g  of sa rc o a e re  le n g th s ,  and c o n tra c tio n  of aus- 
c le  r e s u l te d  i n  hardening  o f s h r ia p  a y o f ib r i l l a r  p ro te in s .
During frozen  s to r a g e ,  th e  p e rcen tag e  o f s a tu ra te d  and aono-
*
s a tu ra te d  f a t t y  a c id s  decreased  s l i g h t ly  a f t e r  2 aon ths and 
in c re a se d  a f t e r  6 a o n th s . P o ly u n sa tu ra ted  f a t t y  a c id s , 
C18:2, in c re a se d  s ig n i f i c a n t ly  (P < 0.05) i n  2 ao n th s and
decreased  s ig n i f i c a n t ly  f ro a  2 to  6 aon ths during  fro zen  
s to ra g e . G en e ra lly , a l l  o f  th e  f r e e  aa ino  a c id s  decreased
during  fro zen  s to ra g e  r e g a rd le s s  o f  th e  d u ra tio n  ot ic in g  
p r io r  to  f r e e z in g . S im ila r ly ,  th e  ic e  tre a tm e n ts  (0, 10, 20 
days) p r io r  to  f re e z in g  d id  no t have a d e tr im e n ta l e f f e c t  on 
f a t t y  ac id s  o f th e  f ro z e n  s h r ia p .  P ra c t ic e s  a r e  suggested
t h a t  in c lu d e  f re e z in g  s h r ia p  p r io r  to  10 days ic in g  and use 
o f enzyme in h ib i to r s  to  pro long  shrim p g u a li ty  during  ic in g ,  
in  view of th e  in c re a s in g  im portance o f  a g u a c u ltu re , m odifi­
c a tio n  of d i e t s  may be an im p o rta n t f a c to r  in  im proving 
u ltim a te  shrimp f la v o r .  Data from th e  p re se n t study  shoved 
c o r r e la t io n s  between sh r ia p  f la v o r  and u ltim a te  p o te n t ia l  
monetary value  o f  th e  shrim p p ro d u c t.
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ISTBODUCTIOH
S hriap  i s  among one of the  a o s t  v a lu ab le  f is h e ry  p roduct 
in  th e  U nited S ta t e s ,  accoun ting  fo r  approxim ately  27% of 
th e  so re  th an  $1200 B i l l io n  annual f i s h  ca tch  (CF5, 1981).
Over th e  p a s t  s e v e r a l  y e a rs , th e  shrim p in d u s try  in  th e  Gulf 
o f Bexico has been one o f th e  a o s t im portan t f i s h e r i e s  in  
th e  United S ta te s .  Landings have in c re a se d  f ro a  244 B il l io n  
pounds in  1965 to  an e s tim a ted  400 B il l io n  pounds in  1982 
(CFS, 1981), o f  which th a t  h a rv es ted  in  th e  G ulf s t a t e s  
accounted f o r  over 50%. The a o s t  coaaon sp e c ie s  o f  sh r ia p  
caught in  th e  U.S. in  g e n e ra l, c o a p rise  th re e  s p e c ie s , i . e . ,  
Penaeus s e t i f e r u s  (w hite sh riap ) ,  £ .  a z tec u s  (brovn sh riap )  
and £ . doudorun (p ink  sh r ia p )  (C a illo u e t and B ax te r , 1973)
Continued e a p h a s is  in  th e  s h r ia p  in d u s try  i s  being 
d ire c te d  toward e s ta b lish m e n t of aore e f f i c i e n t  o p e ra tio n s  
to  produce as h igh  a g u a l i ty  p roduct a s  p o s s ib le .  Changing 
eco n o a ic s , e s p e c ia l ly  th o se  in v o lv in g  e s c a la t in g  c o s t  of 
f u e l  to  o p e ra te  s h r ia p  v e s s e ls ,  a re  having a s ig n i f ic a n t  
im pact on th e  s h r ia p  in d u s try . A ll a s p e c ts  o f p ro cessin g  
f ro a  p o s th a rv e s t to  c h i l l i n g ,  f re e z in g , and during  fro z en  
s to ra g e , r e g u ire  c a r e fu l  a t t e n t io n  so a s  to  a a in ta in  proper 
f la v o r  and t e x tu r a l  g u a l i ty  o f  th e  f i n a l  consumer p ro d u c t. 
The ia p o rta n c e  of f re e z in g  and ic e  s to ra g e  tre a tm e n t i s  
noted  in  th e  app rox im ate ly  100 B ill io n  pounds o f  fro zen  p ro ­
d u c t and as nuch as 70 to  80 a i l l i o n  pounds i n  f ro z e n  s to ­
rag e  a t  any t i n e  (Appendix F ig u re  6) .
E a r l ie r  s tu d ie s  o s s h r ia p  q u a l i ty  have invo lved  problems 
of s to ra g e , w ith  em phasis on m ic ro b io lo g ica l and s to ra g e  
a s p e c ts  of th e  p ro d u c t. E f f o r t s  in  t h i s  a re a  in c lu d e , among 
o th e r s ,  th e  in v e s t ig a t io n s  of Cobb e t  a l . ,  (1973), P lo re s  
and Crawford (1973), S i te s  and Jfaxcy (1979) and c o n tr ib u ­
t io n s  of V anderzant e t  a l .  (1973) and C h ris to p h er e t  a l .
(1978). Numerous o th e r  s tu d ie s  could  be c i t e d ,  e s p e c ia l ly  
the  re c e n t in v e s t ig a t io n  o f A lvarez and Koburger (1979) on 
s h r ia p  g u a l i ty  based on th e  deheading p ro cess i t s e l f .  Qual­
i t y  changes in  iced  shrim p g e n e ra lly  have been a t t r i b u te d  to  
th e  combined ac tio n  o f a u to ly t i c  p ro cesses  and m ic ro b ia l
e
con tam ination  (Cheuk e t  a l ,  1979; Cobb e t  a l . ,  197b). In
r e la te d  s tu d ie s  of f re sh w a te r  prawns ( flacrobrachium £o§en- 
b e rg ii  ) ,  th e  e x is te n c e  o f p r o te o ly t ic  m icroorganism s in  
a s e p t ic a l ly  pee led  t a i l  t i s s u e  (Shepherd, 1979) has been 
dem onstrated . l ik e w is e , Rowland e t  a l .  (1982) have shown 
ex cess iv e  m y o f io r i l la r  breakdown in  £ . ro s e n b e ru ii  a f t e r  
s to ra g e  on ic e  f o r  perio d  a s  s h o r t  a s  two days.
Sensory s tu d ie s  with ic e - s to r e d  shrim p in d ic a te  th a t  
p a l a t a b i l i t y  and s w e e t- f la v o r  c h a r a c t e r i s t i c s  of f re s h  
s h r ia p  change to  a f l a t  t a s t e ,  fo llo w ed  by ano ther sh a rp  
f la v o r  a l t e r a t i o n  which denotes o n se t o f sp o ila g e  (C a rro ll 
e t  a l . ,  1968) .  i n  c o n t r a s t ,  g u a l i ty  changes in  s h r ia p  held  
in  fro z en  s to ra g e  have re c e iv e d  l i t t l e  a t te n t io n  in  term s o f  
s p e c i f ic  a l t e r a t i o n  mechanisms in v o lv ed . S im ila r ly , s c a n t 
d a ta  a re  a v a i la b le  on the  im pact o f tre a tm e n t p r io r  to
f re e z in g . I t  i s  g en e ra lly  reco g n ized  th a t  p ro te in s  and l i p ­
i d s  a re  two im p o rta n t components th a t  c o n tr ib u te  s i g n i f i ­
c a n tly  to  s h r ia p  f la v o r*  th e re fo re *  in fo ra a t io n  i s  needed on 
th e  r e la t io n s h ip  between b io c h e a ic a l changes in  p ro te in s*  
and lip id s *  and r e s u l t a n t  f la v o r  n o d if ic a t io n s .  Such s tu ­
d ie s  assume even g r e a te r  c u r r e n t  im portance because o f  th e  
p re se n t e f f o r t  in  th e  shrim p in d u s try  to  improve hold ing  
c o n d itio n s  aboard  th e  v e s se l to  in s u re  a h ig h e r g u a l i ty  
d o ck -sid e  p ro d u c t.
Amino ac id s*  p ep tid es*  and p ro te in s  p lay  s ig n i f i c a n t  
r o le s  in  f lav o r*  a f f e c t in g  f a c to r s  such a s  ta s te *  aroma* 
and te x tu re  (K irim ura e t  a l .*  1969). P ed ra ja  (1970) d i s ­
cussed  th e  v a r ie ty  of r e a c t io n s  a f f e c t in g  th e  com position  of 
shrim p during p ro c e ss in g  and exp ressed  th e se  c a u s a l f a c to r s  
in  a f i n a l  senso ry  e v a lu a t io n  (Appendix F igure 1 ) . Be ac­
t io n s  in v o lv in g  shrim p muscle enzymes* m ic ro b ia l a c tiv i ty *  
b a c te r ia l  enzymes* and com binations th e re o f*  r e a d i ly  a f f e c t  
th e  t a s t e  and te x tu re  of the p ro d u c t. A lte ra tio n s  in  le v e ls  
o f c e r ta in  f r e e  amiuo ac id s*  such a s  g ly c in e , can ad v erse ly  
a f f e c t  th e  ta s te *  r e s u l t in g  in  b i t t e r n e s s  (C a rro ll  e t  a l .*  
1968) . however* r e l a t i v e l y  l im ite d  d a ta  a re  a v a i la b le  on 
th e  r e la t io n s h ip  between amino a c id  changes du ring  s to ra g e  
and p ro cess in g  and f i n a l  sensory  g u a l i ty  o f th e  shrim p p ro ­
d u ct. In fo rm a tio n  concern ing  p ro te in  changes a re  e s p e c ia l ly  
r e le v a n t  in  a tte m p ts  to  id e n t i f y  in h e re n t f la v o r  c h a ra c te r ­
i s t i c s  and p o te n t ia l  use o f byproducts f ro a  shrim p p ro cess­
ing  o p e ra tio n s  (B eyers and Sonu* 1974; Beyers and But- 
ledge*1973). Furtherm ore* c le a r e r  u n d erstan d in g  of s h r ia p
f la v o r  i s  param ount to  improvement of hand ling  and s to ra g e  
te ch n iq u es  a s  w ell a s  in  th e  developm ent of more e f f e c t iv e  
u se s  of shrim p b y p ro d u cts .
In  c o n t r a s t  w ith th e  c o n s id e ra b le  a v a i la b le  l i t e r a t u r e  on 
th e  s t a b i l i t y  of f i s h  l i p i d s ,  n o tab ly  l e s s  in fo rm a tio n  i s  
a v a i la b le  on th e s e  compounds p re s e n t in  shrim p. fieddy e t  
a l .  (1981) noted th a t  th e  u n sa tu ra te d  f a t ty  a c id s  decreased  
du ring  fro zen  s to ra g e  of th e  fre sh w a te r  prawn fo r  6 aonths 
a t  -18 C. i t  has been in d ic a te d  th a t  d e te r io r a t io n  of 
s h e l l f i s h  l i p i d  i s  due p r im a r ily  to  th e  r e a c t iv i t y  o f unsa­
tu ra te d  f a t ty  a c id s  (Labuza, 1974). Free f a t t y  a c id s  a re  
g e n e ra lly  formed by l i p i d  h y d ro ly s is  through a u to ly s i s  and 
a c tio n  of b a c t e r i a l  enzymes and c o n tr ib u te  to  d e s ira b le  as 
w e ll as u n d e s ira b le  f la v o r .  The re se a rc h  re p o rte d  i n  the 
p re se n t in v e s t ig a t io n  has in c lu d ed  an a ly se s  o f s h r ia p  l i p i d s  
and t h e i r  r e la t io n s h ip  to  f la v o r  g u a l i ty  during s to ra g e  o f  
th e  shrim p p roduct a t  0 C and -20  C.
S tu d ie s  on th e  f in e  o r  u l t r a - s t r u c tu r e  o f shrim p have 
been done mainly in  a re a s  r e la te d  to  osm oregulation  o f  th e  
anim al (F o s te r  and bowse, 1978; T a lb o t e t  a l . ,  1972). 
L ig h tn e r (1974) has in v e s t ig a te d  th e  norm al r a t e  and p a t te rn  
o f g ross and h i s to lo g ic a l  postmortem changes in  £ . a z te u s . 
A number o f r e s e a r c h e r s  have in v e s t ig a te d  th e  u l t r a s t r u c tu r e  
o f th e  fo llo w in g  in v e r te b r a te s :  c r a y f is h  (B randt e t  a l . ,
1965) ,  in s e c t  (T o s e ll i  and Pepe, 1968) ,  lo b s te r  (Bayes e t 
a l . ,  1971) and B an tis  s h r ia p  (BcN eil, e t  a l .,1 9 7 2 )  using
e le c t ro n  m icroscopy. These aforem entioned u l t r a s t r u c tu r a l  
in v e s t ig a t io n s  have dem onstrated  th a t  t h i s  approach i s  an 
e f f e c t iv e  a n a ly t i c a l  methodology fo r  e z a a in a tio n  of sh riap  
a u sc le  a l t e r a t i o n s  induced during  p e rio d s  of ic e  and fro zen  
s to ra g e .
The re se a rc h  re p o r te d  h ere  i s  designed  to  in v e s t ig a te  
b io c h e a ic a l and u l t r a s t r u c t u r a l  changes in  ic e d  and fro zen  
s h r ia p  and t h e i r  r e la t io n s h ip  to  u l t i a a t e  senso ry  g u a l i ty  o f  
th e  cooked p ro d u c t. A nalyses o f  such changes should  le ad  to  
u l t i a a t e  improvement i n  h an d lin g  p rocedures th a t  w il l  a ssu re  
a b e t te r  g u a l i ty  p roduct v i th  a longer s h e l f - l i f e .  C l a r i f i ­
c a tio n  of th e  b iochem ical and u l t r a s t r u c t u r a l  changes th a t  
occur p r io r  t o ,  and d u r in g , f re e z in g  i s  needed to  e f fe c ­
t iv e ly  document sensory  c h a r a c te r i s t i c s .  Furtherm ore, the 
d a ta  a r e  u s e fu l  to  a l l  segm ents o f  th e  sh r ia p  in d u s try , 
e s p e c ia l ly  th a t  iuvo lved  with m arketing of th e  fro zen  pro­
d u ct.
Based on the  afo rem en tioned , th e  o v e ra l l  o b je c t iv e  of 
t h i s  re se a rc h  has been to  ana lyze  b io c h e a ic a l and u l t r a s -  
t r u c tu r a l  changes in  ic e d  and fro zen  shrim p, P . s e t i f e r u s  
and £• s t y ^ i r o s t r i s  a s  r e la te d  to  sen so ry  g u a l i ty  (see sch e­
m atic diagram , Appendix F ig u re  7 ) .  The th re e  com posite
a s p e c ts  a re :
- (1) to  in v e s t ig a te  th e  changes occu ring  in  s h r ia p  dur­
ing ic in g  and fre e z in g  p e r io d s ;
(2) to  s tu d y  th e  e f f e c t  o f th e  d u ra tio n  o f th e  ic in g
p erio d  on sab seg u en t sensory  changes daring  
s to ra g e ;
to  analyze in t e r r e l a t i o n s h ip s  between d i f f e r e n t  
s to ra g e  c o n d itio n s , s p e c ie s  and o r ig in s  o f  sh rin p  
and a f f e c te d  sen so ry  p ro p e r t ie s .
fiEVIEM OF UTEfiATOHE
The l i t e r a t u r e  raview ed i s  concerned w ith th e  d eg rad a tiv e  
r e a c t io n s  o cc u rr in g  in  s h r ia p  during  ic e  and f ro z e n  s to ra g e  
and t h e i r  r e la t io n s h ip  to  sen so ry  g u a l i ty .  The g e n e ra l te rn  
■ sh riap1 i s  used h ere  accord ing  to  term inology o f th e  f i s h ­
ery  in d u s t r ie s  which in c lu d e  both  aa rin e  and fre sh w a te r  
s h r ia p  and prawns. H o w ev er/o n ly  the  a a r in e  s h r ia p ,  Peneaus 
s e t i f e r u s  and £. s t y l i r o s t r i s . and th e  fre sh w a te r  prawn, 
Ma c ro b ra c h iun ro s e n b e ra i i  , a re  th e  sp e c ie s  s tr e s s e d  i n  t h i s  
review .
Changes i n  s h r ia p  p h y s ic a l p r o p e r t ie s ,  such as te x tu r e ,  
p ro te in  e x t r a c t a h i l i t y  and f in e  s t r u c tu r e  during  ic e  and 
fro z e n  s to ra g e , a re  d isc u sse d . Also p resen ted  a re  p e r t in e n t  
r e p o r ts  which i l l u s t r a t e  th e  r o le s  th a t  f r e e  aaino  ac id s and 
f a t t y  ac id s  p lay  in  f in a l  s h r ia p  f la v o r .  The l i t e r a t u r e  
c i te d  i s  c a te g o r iz e d  in to  s u b je c t  a re a s  and i s  l i s t e d  in  
Appendix T able 2. The fo llo w in g  s e c t io n  r e p o r ts  s tu d ie s  
r e la te d  to  u l t r a s t r u c t u r a l  and b io c h e a ic a l  changes, and sen­
so ry  c o r r e la t io n s ,  i n  s h r ia p  during  ic e  and fro zen  s to ra g e .
Shriap  F is h e r ie s  in  Gulf S ta te s
During th e  p a s t  decade, th e  econoaic in p o rtan ce  of s h r ia p  
h a rv es ted  f ro a  tha  G ulf o f Hexico has been re p e a te d ly  
s t r e s s e d  in  a nuaber o f  p u b l ic a t io n s  ( C a il lo u e t and s o l ,  
1979; C a il lo u e t e t  a l . ,  19H0J• In  t e r a s  o f world f i s h e r i e s  
y ie ld ,  sh r ia p  a re  th e  a o s t  econom ically  s ig n i f i c a n t  c r u s ta ­
cean h a rv e s t, w ith  th r e e  f a m il ie s ,  Pen ae id a e . P an d a iid ae . 
and Cranaonidae ,  being  of g r e a te s t  im portance . Nine sp e­
c i e s  of Penaeidae com prise th e  G ulf o f Mexico shrim p f i s h ­
e ry ,  o f  which, only th r e e ,  £ . a z te c u s  (brown shrim p) £ . s e t ­
i f e r u s  (w hite shrim p) , P . doudorum (pink shrimp) a re  caught 
in  s ig n i f i c a n t  numbers. These th re e  s p e c ie s , w ith  many 
s im ila r  c h a r a c te r i s t i c s  in c lu d in g  h a b i t a t ,  fo o d , and mor­
phology, to g e th e r ,  accoun t f o r  98% of th e  t o t a l  Gulf shrimp 
la n d in g s . The rem aining 2% com prise th e  seabob , Yiphope-  
naeus k ro v e r i . and th e  deep-w ater ro y a l s h r ia p ,  Hynenope- 
naeus ro b u s t us ((I.S. D ept, of I n t e r i o r ,  1969).
Of th e  th re e  m ajor penaeid s p e c ie s  in  th e  Gulf o f  Mexico, 
th e  brown shrim p i s  caught (dep th  o f 11 and 20 fathom s) in  
l a r g e s t  g u a n ti ty , accoun ting  f o r  50 % o f th e  t o t a l  h a rv e s t . 
The w hite and pink shrim p com prise 26% and 22% o f th e  t o t a l  
c a tc h , r e s p e c t iv e ly .  The major season  (80%) f o r  brown 
shrim p i s  between June and O cto b er. The seaso n  f o r  w hite 
shrim p, found in  g r e a t e s t  numbers a t  dep ths o f  0 to  10 
fathom s, occu rs du rin g  th e  f a l l .  Both sp e c ie s  a re  taken in  
o ffsh o re  w ate rs  b o rd erin g  M is s is s ip p i,  L o u is ia n a , and Texas. 
P ink  shrim p, which a re  caugh t in  g r e a te s t  abundance between 
11 and 20 fathom s a r e  found o f f  th e  w estern  t i p  o f F lo rid a  
and th e  Yucatan P e n isu la .
P rio r  to  1947 w h ite  shrim p were econom ically  th e  a o s t  
im p o rtan t s p e c ie s  in  L o u is ian a . However, due t o  a poor white 
s h r ia p  c a tc h  in  1947 and a growing demand in  n o rth e rn  s t a t e s
f o r  brown s h r ia p , a s h i f t  occu rred  whereby brown sh r ia p  
became th e  ao s t econom ically  s ig n i f i c a n t  sp e c ie s  (B ecnel,
1962) • The in c re a s in g  ia p o rta n c e  of brown s h r ia p  in  th e  
L ou isiana canning in d u s t r i e s  fu r th e re d  t h i s  t r e n d . Kith 
very few a in o r  changes s in c e  1948, th e  s h r ia p  in d u s try  has 
re a a in e d  th e  sane  in  te rn s  o f r e l a t i v e  sp e c ie s  im portance .
D egrada tive  B eac tio n s  in  S h riap
A fte r h a rv e s tin g  of the  s h r ia p  a p ro cess  b e g in s  in v o lv in g  
th e  enzym atic d eg rad a tio n  o f p ro te in s  and l i p i d s .  For th e  
a o s t  p a r t ,  th e  p ro d u c ts  of such d eg rad a tiv e  r e a c t io n s  a re  
u n d es ira b le  s in c e  th e y  cause v ario u s biochem ical and p h y si­
c a l  changes which d e le te r io u s ly  a f f e c t  f la v o r .  The op tim al 
f la v o r  o f f ro z e n  shrim p i s  no ted  when th e  p erio d  of d u ra tio n  
of th e  p roduct in  ic e  b e fo re  f re e z in g  i s  sh o rten ed . Organo­
l e p t i c  changes which may occur as a r e s u l t  of d eg rad a tiv e  
r e a c t io n s  a re  v a r ie d  and in c lu d e , fo rm ation  o f  malodorous 
su b s tan ce s , f la v o r  d e t e r io r a t io n ,  to u g h n ess, m ushiness, d ry ­
n ess , and d is c o lo r a t io n .  These b io c h e a ic a l changes may be 
t r ig g e re d  by th e  v a r io u s  f a c to r s  th a t  in v o lv e  enzyaes o f  th e  
shrim p a u sc le  and a s s o c ia te d  b a c te r ia ,  a s  w ell a s  d i r e c t  
m ic ro b io lo g ic a l a c t i v i t y .
B a c te r ia l  C ontam ination
ll ic ro b ia l  a c t i v i t y  depends on th e  i n i t i a l  b a c te r ia l  con­
ta m in a tio n , and in c re a s e  in  c o n c e n tra tio n  o f m icroorganism s 
d u rin g  sh r ia p  h a n d lin g , p ro c e ss in g , and s to ra g e . The degree
of d e te r io ra t io n  depends to  a la rg e  degree upon th e  s p e c if ic  
b iochem ical a c t i v i t y  o f the h ie ro o rg a n is e s  on th e  b io lo g i­
c a l ly  a v a i la b le  chem ical c o n s t i tu e n ts  o f  th e  s h r ia p . Genera 
o f b a c te r ia  such a s  Plav o bac t e r iu a . Pseudomonas ,  H ierococ- 
cus , Hora x e l ia  ,  and C orynebacteriuh  have been id e n t i f i e d  
a s  sp o ila g e  m icroorganism s in  s h r ia p  (V anderzant e t  a l . ,  
1973; V anderzant e t  a l . ,  1970; Cobb e t  a l .  , 1976).
Preshly  h a rv es ted  £ . s e t i f e r u s  (w hite shrimp) and P. 
a z te c u s  (brown shrim p) from 13 lo c a t io n s  along th e  N orthern 
Gulf o f Hexico and a t  3 d i f f e r e n t  d ep th s  were s tu d ie d  fo r  
s h e l f - l i f e  p ro p e r t ie s  in  s t e r i l e  i c e  (Cobb e t  a l . ,  1973). 
S p o ilag e  of the w hite shrim p o ccu rred  in  25-37 days when 
b a c te r ia l  p o p u la tio n s  reached  5x107 ae ro b ic  p la te  count (APC) 
/g  (geom etric mean).  The s h e l f - l i f e  of f re s h ly -h a rv e s te d  
brown shrim p was 20-30 days (Cobb e t  a l . ,  1973) . The term 
" s h e l f - l i f e ” i s  used to  denote the  perio d  o f tim e during  
which shrimp may be s to r e d  and rem ain s u i ta b le  f o r  use .
S p e c ific  b a c te r io lo g ic a l  a sp e c ts  during  p ro cessin g  of 
s h r ia p  a re  review ed b r i e f ly  below . As p rev io u s ly  m entioned, 
b a c te r io lo g ic a l  a c t iv i ty  i s  dependant on i n i t i a l  m ic ro b ia l 
con tam ination  and p o p u la tio n  in c re a s e  during  p ro cess in g  and 
s to ra g e . The b a c te r ia  count o f  raw s h r ia p  fP and u lu s  bo rea-  
lu s )  in c re a se d  6-7 f o ld  from tim e o f land ing  to  a r r i v a l  in  
p o r t ,  i . e . ,  APC 100-550 b a c te r ia  per g ran  (fiid ley  and S la -  
b y j , 1976). S h riap  d e liv e re d  in  s t e e l  b a r r e l s  to  th e  p ro­
ce ss in g  p la n t co n ta in ed  7.7X104 b a c te r ia  per g ran , w hile
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s h r ia p  tra n s p o r te d  by tru c k  y ie ld ed  6.6X103 coun ts per graa 
(fiidley and S la b y j, 1976}. Xhe r e l a t i v e l y  high APC of raw 
s h r ia p  f ro a  th e  s t e e l  b a r r e l s  and tru c k  could  be a t t r ib u te d  
to  c o n ta a in a tio n  due to  poor s a n i ta r y  con d itio n s*  H arrison  
and Lee (1969) re p o r te d  t h a t  p sy ch ro tro p h ic  and a e so p h ilic  
b a c te r ia  on f re s h ly  caugh t s h r ia p  fPandulus io rd a n il  it e re
1.3 l  101 and 1. QJC1Q3 c e l l s  per g raa , r e s p e c t iv e ly ,  befo re  
p ro ce ss in g . The in c re a s e  in  sh ipboard  n ic ro b ia l  nuabers , 
v i th  accoapanying delay in" cooking, allow ed a b u ild u p  of 
p sy ch ro tro p h ic  ana a e s o p h il ic  b a c te r ia .  B a c te ria  p resen ce  
i n  s h r ia p  can be reduced by p ee lin g  (71X), and cooking (75J&) 
(Zapatka and B acto loaeo , 1973; B id ley  and S la b y j, 1976) . 
N early 75* of the  a ic ro o rg a n is a s  a re  p re se n t in  th e  s h r ia p  
head and cep h a lo th o ra x . T herefo re  deheading and washing 
reduces th e  b a c te r i a l  c o n c e n tra tio n s  p re se n t on sh r ia p  
(P ieg er, 1950; G reen, 1969). However, i t  has been no ted  
t h a t  th e  deheading p ro cess  i t s e l f  does n o t change th e  a ic ro -  
b i a l  f lo r a  (Alvarez and K obnrger, 1979). Shan s h r ia p  were 
r e f r ig e r a te d  o v e rn ig h t a f t e r  b r in e -c o o k in g , b a c te r ia  concen­
t r a t i o n s  in c reased  65-130 fo ld  (R idley and S la b y j, 1976), 
a t t r ib u te d  to  r e c o u ta a in a tio n  during  hand ling  (Olson and 
S h e lto n , 1973). .. P a r t  o f  t h i s  change in  n ic ro b ia l  a c t i v i t y  
was a sc rib ed  to  reco v ery  of b a c te r ia  s u s ta in in g  daaage dur­
in g  cooking (S tevenson and R ich a rd s , 1976). R id ley  and S la ­
b y j (1976) concluded th a t  th e  b rin e-co o k ed , v i th  s h e ll-o n  
under good s a n i ta r y  c o n d i t io n s ,  had th e  advantage o f p ro ­
c e ss in g  s h r ia p  which had a i n i a a l  in c re a s e  in  b a c te r ia
(4.0X101 to  1.60X103 c e l l s  p er g ra s )  a f t e r  h a rv e s t .
Enzymatic Ac t i v i ty
P ro te o ly s is  presum ably i s  th e  prim ary mechanism c o n t r i ­
bu tin g  to  th e  d e te r io r a t io n  of th e  te x tu re  o f th e  t a i l  mus­
c le  o f  shrimp and prawns (Cobb and V anderzant, 1971; d a le
and H ate rs , 1981). T h is p r o te o ly t ic  a c t iv i ty  can be e i th e r  
exogenous, due to  m ic ro b ia l s p o ila g e , o r endogenous, due to  
enzymes w ith in  shrim p t i s s u e .  Exogenous p r o te o ly t ic  enzymes 
were produced by s p o ila g e  m icroorganism s and enzymes p re se n t 
i n t r a c e l l u l a r ly  were re le a se d  from m icroorganism s during 
l y s i s  ( P i t t ,  1975; T appel, 1977)• The endogenous enzymes 
were p a r tly  se c re te d  from s u b c e l lu la r  o rg a n e lle s  (lysosomes) 
o r sarcopiasm  of shrim p muscle c e l l s  (Hu e t  a l .  1981; H irsh 
and Cohn, 1964; Schwartz and B ird , 1977).
Numerous s tu d ie s  have shown t h a t  a t  low tem p era tu re s , 
sp o ila g e  organism s a r e  g e n e ra lly  h ig h ly  p r o te o ly t ic  and pose 
th e  g r e a te s t  danger to  th e  s h e l f  s t a b i l i t y  o f  many f re s h
r e f r ig e r a te d  food p ro d u c ts  such a s  m ilk (Adams e t  a l . ,
1976), meat (Jay and S h e le f , 1976; S ik es  and fiaxcy, 1979), 
and shrimp (Cheuk e t  a l* , 1979). Jay (1966) re p o rted  th a t  
sp o ila g e  m icroorganism s in  f r e s h  meat u t i l i z e d  low m olecular 
weight su b s ta n c e s , e . g . ,  f r e e  amino a c id s ,  n u c le o tid e s , 
e t c . ,  bu t p ro te in  breakdown d id  no t occur. L a te r ,  Hasegawa 
e t  a l .  (1970) and Borton e t  a l .  (1976) showed t h a t  p ro te in s  
from p o rc in e  meat were degraded during  n ic ro b ia l  s p o ila g e . 
R ecen tly , S ik es  and Haxcy (1979) in d ic a te d  th a t  th e  m a jo rity
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o f 39 p ro te o ly t ic  o rg a n ise s  i s o la te d  hydrolyzed a l l  th e  pro­
te in  examined in  th a  s tu d y , in c lu d in g  c a s e in , s a rc o p la s a ic  
p ro te in  fro n  ch icken , egg album in, and g e la t in .
Many in v e s t ig a to r s  have noted th a t  pure c u l tu r e s  o f  Pse- 
domonas degrade a y o f i b r i l l a r  p ro te in s  (T a rran t e t  a l . ,  1973; 
D ainty e t  a l . ,  1976; Jay and S h e le f ,  1976; Sikes  and fiaxcy, 
1979). T arra n t e t  a l .  (1973), u sin g  e x t r a c e l lu la r  enzyaes 
prepared  f ro a  £ . f i a g i  , d e a o n s tra te d  th a t  pig au sc le  a y o f i­
b r i l l a r  p ro te in s  were r a p id ly  degraded by an e x t r a c e l lu la r  
p ro te a se , w hile s a rc o p la s a ic  p ro te in s  were l e a s t  s u s c e p t ib le  
to  enzyae h y d ro ly s is . The p u r i f i e d  enzyae f ro a  £ . f r a a i  
a ls o  degraded dense a a t e r i a l  f ro a  the  2 - l in e s  o f the  n y o fi-  
b r i l s .  However, D ainty e t  a l .  (1976) found th a t  during  beef 
sp o ila g e  only tropom yosin o f the  a y o f ib r i l l a r  p ro te in  uas 
degraded. Pseudomonas sp . degraded ac to ay o sin  a o s t e f f e c ­
t iv e ly  d e s tro y in g  up to  82 % of th e  a a t e r i a l  (Jay and She­
l e f ,  1976). These s h r ia p  a y o f i b r i l l a r  m a te r ia ls  g ive th e  
p roducts  t h e i r  sen so ry  c h a r a c t e r i s t i c s .
B iochem ical changes ta k in g  p lace  in  s h r ia p  during  s to ra g e  
w i l l  in c re a s e  w ith  in c re a s in g  tem p era tu re  due to  th e  h ig h e r 
a c t iv i ty  of endogenous p r o te o ly t ic  enzyaes such as ca th ep - 
s in s  (Tappel, 1977), a ry la a id a s e s  ( £ i t e n a i l l e r ,  1976), deam­
in a s e s  (cheuk e t  a l . ,  1979) and aamonia- producing enzyaes
(leh  e t  a l . ,  1978). The endogenous p ro te o ly t ic  a c t i v i t y  i s
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u su a lly  i n i t i a t e d  by enzyaes s to re d  in  s u b c e l lu la r  o rg a­
n e l le s  l i k e  ly so so n es  ( P i t t ,  1976) o r by enzyaes so lu b le  in
th e  sa rc o p la sn  of muscle c e l l s .  P ro te o ly s is  c o n tr ib u te s  to  
d e te r io ra t io n  of te x tu re  r e g a rd le s s  of whether n ic ro b ia l  
sp o ila g e  has o ccu rred  (L ig h tn er, 1974) .  During the f i r s t  
phase o f  ic e  s to ra g e  (0-7 hours) , th e  shrim p m uscle decompo­
s i t i o n  i s  mainly due to  th e  endogenous enzymes p re se n t in  
th e  shrim p f le s h  i t s e l f  (L ig h tn e r , 1974).
lysosomes a re  s u b c e l lu la r  o rg a n e lle s  co n ta in in g  degrada- 
t i v e  enzyme system s f o r  h y d ro ly s is  of p ro te in s ,  carbohyd­
r a t e s ,  and l i p i d s  (Hu e t  a l . , 1981; H irsh and Cohn, 1964;
Schwartz and B ird , 1977). The enzymes become a c t iv e  e i th e r  
by fu s io n  w ith phagosomes in  the  l iv in g  c e l l  (Tappel, 1977) 
o r by postmortem l y s i s  (H hiting e t  a l . , 1975). The ly so so ­
mal p r o te o ly t ic  enzymes a re  ac id  p ro te a s e s , pH optimum 3-4 
term ed c a th e p s in s  ( fa p p e l, 1977). C a th ep tic  a c t i v i t y  has 
been in v e s t ig a te d  i n  many sp e c ie s  of f i s h e s  (S e ib e r t ,  1958) 
and in v e r te b r a te s ,  in c lu d in g  m arine prawns, (Shibko e t  a l . ,
1963). C a th ep tic  a c t i v i t y  was a lso  in v e s tig a te d  by G e is t 
and Crawford (1974) i n  P a c if ic  s o le ,  in  w hite s h r ia p  (E iten - 
n i l l e r ,  1974), and in  w in te r f lo u n d e r  (Reddi e t  a l .  ,1 9 7 2 ).
The ro le  o f lysosom al enzymes in  postmortem te x tu r e  d e t­
e r io r a t io n  in  prawns and f i s h  i s  d i f f i c u l t  to  in v e s t ig a te  
s in c e  th e  o p tim al pfi o f  th e s e  enzymes i s  co n s id e rab ly  below 
th e  postmortem pH, 6 .0 - 7 .0 .  during  s to ra g e  on i c e .  flakino- 
dan and Ikeda (1969) re p o rte d  f i s h  p ro te a se s  were a c t iv e  in  
th e  s l i g h t ly - a lh a l in e  pH ra n g e . R ecen tly , Deng (1981) 
shoved th e  presence of an a lk a l in e  p ro te a se  in  m u lle t and
i t s  e f f e c t  on th e  d e te r io r a t io n  te x tu r a l  g u a l i ty  o f th e  
cooked f i s h  m uscle.
C ollagen i s  degraded by a s p e c ia l  c la s s  o f  s p e c i f i c  
enzymes, term ed c o lla g e n a se s , which a t ta c k  th e  co lla g e n  t r i ­
p le  h e l ix  (Handle e t  a l . ,  1964) Ihe b e s t  c h a ra c te r iz e d
enzymes of t h i s  c l a s s  a r e  th e  b a c te r i a l  c o lla g e n a se s  (Handle 
e t  a l . ,  1964) Although n a t iv e  co llag e n  i s  r e s i s t a n t  to  try p ­
s in  and chym otrypsin , th e  p h y s ic a l p ro p e r t ie s  , i . e . ,  v is c o s ­
i t y  t e n s i l e  s t r e n g th ,  of th e  n a t iv e  co lla g e n  may be a l te r e d  
(Iteddi e t  a l . ,  1972). Ih u s , in c u b a tio n  v i th  t r y p s in  reduced 
the v is c o s i ty  of co lla g e n  in  s o lu t io n  and th e  t e n s i l e  
s t r e n g th  of c o lla g e n  f i b e r s  (B a iley , 1968)• Changes in  phy­
s i c a l  p ro p e r t ie s  co u ld  occur concom itan tly  w ith th e  r e le a s e  
o f sm all p e p tid e s  and th e  rem oval of in t r a - c h a in  c ro s s ­
l in k s ,  le av in g  an i n t a c t  b u t more lo o s e ly  c ro s s - l in k e d  c o l­
la g e n . Lee (1960) re p o r te d  th e  e x is te n c e  o f try p s in  and 
ch y n o try p sin  in  th e  h ep a to p an creas o f  ft. r o s e n b e rg i i . Ihe 
p resence  o f a c o l la g e n o ly t ic  p ro tea se  in  th e  hepa topancreas 
o f th e  f id d le r  c ra b . Oca n u g ila to r  ,  h as  been re p o r te d  a lso  
(E isen  and J e f f r e y ,  1969).
E ite m ille r  (1974) and Bauer and E i te n n i l l e r  (1974) s tu ­
d ied  two enzymes, c a th e p s in  D and a ry lam id ase , from m uscles 
o f w hite sh rim p. C a thepsin  p repared  from shrim p was found 
to  be a c t iv e  a g a in s t  v a r io u s  c a th e p s in  s u b s t r a te s  such a s  
denatu red  hem oglobin, o p tim al pH 3 .0 , a c id -u re a  dena tu red  
hem oglobin, o p tim a l pH 3 .5 ,  and 2 . OX KC1—so lu b le  p ro te in  in
th e  a c id  pH ran  ye. The absence o f  c a th e p s in  A, B, and C
su g g e s ts  th a t  th e  s h r ia p  a u sc le  has a  p e p tid a se  p r o f i l e  
d i f f e r e n t  from th a t  o f  a a a n a lia n  t i s s u e .  Xn th e  l a t e r ,  
c a th e p s in  D f ro a  bovine a y o f ib r i l s  cau ses a d eg rad a tio n  of 
Z- l i n e s  in  the  a y o f ib r i l s  (Bobbins e t  a l . ,  1979). Schwartz 
and B ird (1977) and A ral aw a e t  a l .  (1976) a ls o  have observed 
the  breakdown o f a y o f i b r i l l a r  p ro te in  by c a th e p t ic  enzyaes 
in  nannals.
A ry laa id ases a re  enzyaes th a t  c a ta ly z e  th e  h y d ro ly s is  of 
a n in o -a c id -p -n a p th y la a id a se s  i g  v i t r o  (Bauer and E iten - 
a i l l e r ,  1974)• C athepsin  C, d ip e p tid a s e , t r ip e p t id a s e ,  and 
probably  a r y la a id a s e ,  fu n c tio n  a t  the  p e p tid e  l e v e l  to  
hydro lyze p ro te in s  to  f r e e  an ino  a c id s  (Tappel, 1977). The 
p resence  o f a ry la a id a s e  in  s h r ia p  a u sc le  nay be involved  in  
th e  d eg rad a tio n  of th e  a u sc le  p ro te in  i t s e l f  ( E i te n a i l le r ,  
1974). Bauer and E i t e n a i l l e r  (1974) re p o rte d  t h a t  a c ry la a i -  
dase was in h ib i te d  by puronycin , EDTA, and a c t iv a te d  by 
d iv a le n t  a e t a l s ,  e . g . ,  aanganese and c o b a l t .  Puronycin i s  an 
in h ib i to r  which in h ib i t s  p ro te in  s y n th e s is  a t  th e  r ib o so a a l 
s ta g e  by coapeting  v i th  th e  aa in o  ac id  t r a n s f e r  BHA (Hahler 
and C ores, 1966) • Bauer and E i t e n a i l l e r  (1974) showed th a t  
in  s h r ia p  a u sc le  c e l l ,  a e t a l  io n s  nay a c t  a s  a c o n tro l  
aech an isa  o f th e  r e a c t io n  o f s h r ia p  a c ry la n id a se  a c t i v i t y .  
They su g g ested  th a t  th e  p resen ce  o f  a c ry la n id a se  i n  sh riap  
au sc le  s ig h t  be l in k e d  to  th e  d eg rad a tio n  of s h r ia p  au sc le  
p ro te in .
Procedures to  f ie ta rd  D egrada tive  f ieac tio n s  in  S hriap
C onsiderab le  re se a rc h  has been devoted to  th e  study  o f 
th e  aechan isn  in v o lv ed  in  th e  b io c h e a ic a l d eg rad a tio n  of 
s h r ia p  (Cobb and Vanderzant# 1971; Cobb e t  a i .#  1976; Cheuk 
e t  a l .#  1979; Yeh e t  a l .  # 1976). However# f u r th e r  in v e s t i ­
g a tio n s  a re  needed i n  th e  ao re  s u b je c t iv e  a re a s  of sh r ia p  
g u a lity #  such a s  c o r r e la t in g  f la v o r  with b io c h e a ic a l degra­
d a tio n  and e s ta b lis n in g  c r i t e r i a  f o r  judging  th e  s u i t a b i l i t y  
o r  a c c e p ta b i l i ty  o f  th e  f ro z e n  p ro d u c t. I t  i s  e v id e n t f ro a  
th e  l i t e r a t u r e  d isc u sse d  in  th e  p rev io u s  s e c t io n  (Degrada­
t iv e  R eactions) t h a t  b io c h e a ic a l  d eco n p o sitio n  in  sh riap  
proceeds a f t e r  h a rv e s t .  "F resh  sh r ia p "  can be d e fin ed  as 
th o se  which a re  taken  a t  the  t i a e  of h a rv e s t .  l a  co n tra s t#  
" sp o ile d  s h r ia p "  a re  th o se  which a re  u naccep tab le  f o r  con­
sum ption. T h is can r e s u l t  f ro a  a v a r ie ty  o f g rad u a l b iochea- 
i c a l  changes# e . g . ,  en zy aes, p ro te in s#  l ip id s #  e t c  (Appendix 
F igure 1; Pedraja# 1970). I t  i s  i a p o r ta n t  to  n o te  th a t  com­
p lex  b io c h e a ic a l r e a c t io n s  in v o lv in g  an ino  a c id s  and f a t t y  
a c id s  co n tin u e  p o s ta o r te a  in ' s h r ia p  a u s c le . f iio ch en ica l and 
p h y s ic a l changes in  s h r ia p  can be re ta rd e d  through ic ing#  
c h il l in g #  and f re e z in g . Of these#  ic in g  and f re e z in g  a re  the 
a o s t coaaon means used to  p re se rv e  s h r ia p  g u a l i ty ;  th e s e  
p ro cesses  a re  d isc u sse d  in  d e t a i l  in  th e  subseguen t two 
s e c t io n s .
I c e  s to ra g e
Ic e  s to ra g e  i s  th e  most w idely used ao n -fro zen  s to ra g e  
method (Hoore aad E i te n a i l le r #  1980). During ic e  s to ra g e  an 
in c re a s e  in  g raa -n ey a tiv e#  p sy c h ro p h ilic  s p o ila g e  b a c te r ia  
o ccu rs  (Vanderzant e t  a l .#  1970). Cheuk e t  a l . .  (1979) noted
2 oan in c re a se  in  th e  b a c t e r i a l  p o p u la tio n  f ro a  1X10 to  1X10 
c e l l s  p e r y raa  in  p ink  and brown s h r ia p  a f t e r  20 days ic e  
s to ra g e .
Vanderzant e t  a l .  (1973) re p o r te d  t h a t  fo u r  s h r ia p  spe­
cies#  P. v an n aa i. £. o c c id e n ta l i s m P. a z te c u s . and £ . s e t i -  
f e r u s . were u n accep tab le  in  appearance and odor a f t e r  17-21 
days of ice  s to ra g e . Ih e  s h r ia p  had s tro n g  p u tr id  o ff-o d o rs  
a t  25 days ic e  s to ray e #  with a s ig n i f i c a n t  in c re a s e  in  bac­
t e r i a l  b ionass from 3X104 to  3X107 c e l l s  per g raa  (Appendix 
f ig u re  2 ) . B a c te r ia  in  P a c i f i c  s h r ia p  fPandalus lo rd a n i) 
in c re a se d  f r o a  IX104 to  68X104 c e l l s  p e r gran in  8 days# 
w ith  Aerononas and Pseudomonas being th e  predom inant genera . 
P u tr id  odors were ev id en t when s h r ia p  were c o n ta a in a te d  w ith  
p r o te o ly t ic  b a c te c ia  such as Pseudononas sp . (V anderzant e t  
a l .  # 1973).. Cobb e t  a l .  (1976) found th a t  in  i c e  s to re d  £ . 
s e t i f e r u s  and P. &£tecus# V ib rio  s p . cou ld  no lo n g e r  be i s o ­
la te d  a f t e r  12-15 days; pseudononas spp had becoae d o a in an t, 
fo llow ed by floy a x e ila - A c in e to b ac te r in  c o n c e n tra t io n .
Jay (1964a# 1964b) , Jay  and Kontou (1964)# and Koatou e t  
a l .  (1966) rep o rted  t h a t  E x tra c t-E e le a se  Voluae (EBV)# could  
be used to  e v a lu a te  th e  degree of f re sh n e ss  or s p o ila g e  in
b eef. L ikew ise, V anderzant and N ickelson (1970) demons­
t r a t e d  th a t  EBV can be used to  e v a lu a te  sp o ila g e  o f  shrimp 
d u rin g  ic in g .  Changes in  b a c te r ia  p o p u la tio n  in  shrim p (P. 
s e t i f e r u s )  were c o r r e la te d  v i th  changes in  EBV (Jay , 1964a) • 
B a c te ria  in c re a se d  from 1X104 to  1X10* c e l l s  p er gran from 0 
to  24 days w hile EBV decreased  (Shelef and Ja y , 1971). Ihe 
decrease  in  EBV was c o r r e la te d  with an in c re a s e  in  w ater- 
ho ld ing  ca p a c ity  (HHC). The l a t t e r  i s  r e la te d  to  th e  s u l f -  
hyd ry l group o f  shrim p p ro te in ,  which in c re a s e s  during  s to ­
rag e  (Baiiy e t  a l .  ,  1966). The la t te r  worker re p o r te d  th a t
th e  in c re a se d  s u lfh y d ry l  groups p rovided  a d d i t io n a l  s i t e s  
f o r  w ater b in d in g .
N ila ichon  e t  a l .  (1977) s tu d ie d  the  c o llag e n  co n ten t o f 
shrim p t a i l s  ( P . s a t i f e r u s  ) b e fo re  and a f t e r  s p o ila g e  dur­
ing  ic e  s to ra g e . In  th e  ic e - s to r e d  shrim p, s o lu b le  co llag en  
in c re a se d  s ig n i f i c a n t ly ,  w hereas in s o lu b le  co llag e n  
decreased s ig n i f i c a n t ly .  The l a t t e r  was a t t r i b u te d  to  enzy­
m atic h y d ro ly s is  o f c o lla g e n  (Love and Thompson, 1966) • 
B iliachon  e t  a l .  . (1977) a ls o  found an in c re a s e , i . e . ,  77 to  
83 X in  m oisture o f ic e - s to r e d  shrim p. These m oistu re  
changes were a t t r i b u te d  t o  postmortem pH in c re a se  and uptake 
o f w ater from th e  n e l t in g  ic e  (V anderzant and N ickelson , 
1971; l i l i a c h o n ,  1976).
P a r t ic u la r  i n t e r e s t  has been shown in  th e  n itro g en o u s 
c o n s t i tu e n ts  p re se n t in  shrim p, i . e . ,  f r e e  amino ac id s  and 
v o la t i l e  n itro g e n  b a s e s , e s p e c ia l ly  th e  form er (Hoore and
E i t e n a i l l e r ,  1900}. S p e c if ic  coapounds such a s  aaaon ia  and 
t r i a e th y la a in e ,  have been s tu d ie d  aore in te n s e ly  because o f 
th e i r  c o n tr ib u tio n  to  f la v o r  and o f f - f l a v o r  and d i r e c t  cor* 
r e l a t io n s  w ith  sen so ry  c h a r a c te r i s t i c s  (Cobb e t  a l . , 1976).
I n  ice* s to re d  s h r ia p ,  n o n -p ro te in  n itro g en o u s coapounds 
(BPN) * and p ro te in  n itro g e n  decreased  by an average of 50 * 
and 25 ft, r e s p e c t iv e ly ,  by th e  t in e  sp o ila g e  had occurred 
(H ila icbon  e t  a l . ,  1977). Cobb and co-w orkers (Cobb and 
V anderzant, 1971} Cobb e t  a l . ,  1973; 1976) have rep o rted  an
in c re a se  in  t o t a l  v o la t i l e  n itro g e n  (TVB) during  p o s ta o rte n  
ic e  s to ra g e  of Gulf o f Bexico s h r ia p . Cheuk e t  a l .  (1979) 
re p o rte d  an in c re a s e  of TVB f ro a  20 ag to  30 ag N/IOOg in  
p ink  s h r ia p , and 20 ag to  36 ag N/IOOg with brown s h r ia p . 
L ikew ise, th e  sen so ry  sc o re  a ls o  d ec lin e d  s te a d i ly  (Hard e t  
a l . ,  1979; Cheuk e t  a l . , 1979). In  l i v e  s h r ia p ,  t r i a e th y -  
lam ide o x id e , XBAO, i s  n a tu ra l ly  p re se n t and i s  b e liev ed  to  
be excre ted  to  a a in ta in  p roper n itro g en  b alance  (Shenouda, 
I960) . Amano and Vaaada (1965) have suggested  fro a  th e i r  
o b se rv a tio n s  o f gadoid  f i s h  t h a t  th e re  aay be two c o a p le te ly  
d i f f e r e n t  s y s te a s  f o r  the re d u c tiv e  d eg rad a tio n  o f  THAO. 
One s y s te a  proposed was th e  b a c te r i a l  o r  th e  exogenous enzy- 
a a t i c  re d u c tio n  o f  XHAO to  TMA. Ih e  second s y s te a  in v o lv e s  
th e  endogenous e n z y a a tic  re d u c tio n  of TBAO to  DBA and f o r ­
maldehyde. Ihe a l t e r a t i o n s  i n  s h r ia p  t i s s u e s  p o s ta o r te a  a re  
accompanied by a c o n s id e ra b le  in c re a s e , i . e . ,  10 to  38 jig/16 
ag N during 6 days ic in g ,  in  d i -  and t r i a e th y la a in e  f ro a  th e  
re d u c tio n  o f XBAO i n to  f r e e  b a se s  (F lo res  and Crawford,
1973)
Free aa in o  ac id  n itro g e n  of sh r ia p  v a r ie s  v i th  both  se a ­
son and s to ra g e  c o n d itio n s . S ia id u  and H u jita  (1954) e s ta b ­
l is h e d  a r e la t io n s h ip  between th e  c o n te n t of f r e e  aono-anino 
n itro g e n  and the s h r ia p  f la v o r .  They found t h a t  th e  aaino  
a c id  f r a c t io n s  d ia in is h e d  p ro p o r tio n a te ly  v i th  d e te r io r a t io n  
o f  t a s t e  during  s to ra g e . The f r e e  aa ino  a c id , ty ro s in e ,  was 
l ib e r a te d  f ro a  p r o te in  and p e p tid e s  du ring  e n z y a a tic  p ro te o ­
l y s i s  in  a u s c le  (Kahade e t  a l . ,  1970). T yrosine le v e ls  in  
i n t a c t  sh r ia p  ( P end^lus io rd a n i ) ro se  r a p id ly ,  225 to  350 
pg/16 ag N during  th e  f i r s t  two days o f  ic ed  s to ra g e  due to  
p ro te o ly t ic  a c t i v i t y  (F lo re s  and Crawford, 1973). Vander­
z a n t e t  a l .  (1973) no ted  an in c re a s e  in  th e  le v e l s  o f 
ly s in e - o r n i th in e ,  h i s t i d in e ,  th re o n in e , a la n in e ,  v a l in e ,  
m ethionine, i s o le u c in e ,  le u c in e ,  ty ro s in e ,  and p h en y la lan in e  
in  P. vannami a f t e r  14 days o f ic e  s to ra g e . The o rn ith in e  
coaponent in c re a se d  sh a rp ly  due to  a rg in a se  a c t i v i t y  (Vader- 
z a n t  e t  a l . ,  1973). S i a i l a r  r e s u l t s  were re p o r te d  by Cobb
e t  a l .  (1974) in  t h a t  a l l  le v e ls  of f re e  aa ino  a c id s  
in c re a se d , excep t fo r  a rg in in e , ta u r in e ,  a s p a r t ic  a c id ,  pro­
l in e ,  and g ly c in e .
Aaaonia vas found to  be th e  p r ia a ry  coaponent inc lu d ed  in  
th e  t o t a l  v o la t i l e  n itro g e n  (V anderzant e t  a l . ,  19 7 3 ).. Yeh 
e t  a l .  (1970) s tu d ie d  aaao n ia  producing enzyaes, in c lu d in g  
adenosine  d eaa in a se , AMP d ea a in a se , a rg in a s e , and u re a s e , in  
p inh  and brown s h r ia p .  Aaaonia p ro d u c tio n  du rin g  i c e  s to ­
rag e  by th e s e  two enzyaes was found to  be ph-dependent 
(o p tia a l  pH 6 .0  and 8 .5 ) .  Adenosine nonophosphate d eaa in ase  
a c t iv i ty  was l o s t  ra p id ly  du ring  th e  e a r ly  s ta g e s  o f  ic e  
s to ra g e ;  no a c t iv i ty  cou ld  be d e te c te d  a f t e r  10 and 16 days 
fo r  p in t  and brown s h r ia p , r e s p e c t iv e ly .  She a c t iv i t y  of 
adenosine d eaa in ase  and AHP-deaainase a ls o  c o r r e la te d  w ith  
th e  sp o ila g e  in d ic a to r s ,  i . e . ,  TVH, TPC, and sensory  ev a lu a­
t io n s  . A rginase degraded a rg in in e  to  u re a , and u rease  con­
v e r te d  urea to  a a a o n ia . A rginase a c t i v i t y  o ccu rred  during 
the  f i r s t  14-17 days o f  ic e  s to r a g e ,  a f t e r  which a rg in a se  
a c t i v i t y  decreased  along  w ith  th e  p ro d u c tio n  o f aaaon ia  and 
TVR (Yeh e t  a l .  1978). Aaaonia was d e te c te d  again  when 
n ic ro b ia l  a c t iv i ty  had in c re a se d  sh a rp ly  a t  28-34 days dur­
ing  i c e  s to ra g e . These d a ta  have shown the  in p o rtan c e  of 
aaaon ia-p roducing  s h r ia p  enzyaes ( e .g .  a rg in a se )  during 
ic in g .  The p ro d u c tio n  of TVH and aaao n ia  re p re s e n t u n d es i­
r a b le  f la v o r  a s s o c ia te d  v i th  s h r ia p  sp o ila g e  d u rin g  i c e  s to ­
rag e .
Frozen S to rage
The n ic ro b ia l  c h a r a c t e r i s t i c s  o f fro zen  sea fo o d s a re  com- 
p a ta b le  to  those  of red  n e a t and p o u ltry . During f re e z in g  
of sea fo o d s, f r o s  60 to  90 % o f  th e  b a c te r i a l  p o p u la tio n  i s  
in a c t iv a te d  (C a lc o tt and MacLeod, 1974)• During fro zen  s to ­
ra g e  th e re  i s  a g rad u a l d e c lin e  i n  th e  nuabers o f  b a c te r ia l  
c e l l s  (Banwart, 1979; S lab y j e t  a l . ,  1981). C a lc o t t  and 
MacLeod (1974) l i s t e d  reaso n s  f o r  th e  in ju r y  o f c e l l s  daring
f r e e z in g ,  in c lu d in g  th e r a a l  shock , e f f e c t  o f c o n c e n tra tio n  
o f e x t r a c e l lu la r  s o lu te s ,  to x ic  a c t io n  of co n cen tra ted  
i n t r a c e l l u l a r  s o lu t e s ,  d eh y d ra tio n , in te r n a l  i c e  fo rm atio n , 
and a t ta in s e n t  o f  a in is u a  c e l l  vo luae.
In  an in v e s t ig a t io n  of f ro z e n  cooked s  hr i n f ,  Lewis (1947) 
noted  lo s s  of m o is tu re  and developaen t o f r a n c id i ty ,  whereas 
p ee led  b o ile d  sh r ia p  were a c c e p ta b le  when s to re d  l e s s  than 
th re e  months and unpeeled f o r  l e s s  th an  s ix  a o n th s . Added 
m o is tu re  and w ate r-p ro o f packages were recoaaended due to  
g radual d ry ing  o f s h r ia p .  The developaen t o f toughness in  
fro zen  cooked s h r ia p  was a ls o  noted by Leaon (1947) who sug­
g es ted  th a t  cooking t i a e  be h e ld  to  a a in ia u a  to  p reven t 
such toughness. A n e u t r a l  s o lu t io n  o f sod iua  tr ip o ly p h o sp ­
h a te , STP, h as  been shown to  improve te x tu r e ,  p rev en t d rip  
lo s s ,  and to  iap ro v e  sensory  g u a l i ty  of f re s h  fro zen  f ish e ry  
p ro d u cts  (Denan and Melnychyn, 1971). Sodiua tr ip o ly p h o sp ­
h a te  i s  th e  a o s t  w idely used phosphate i n  p ro cess in g  o f  red  
a e a t  (Mahon e t  a l . ,  1970). When SIP i s  b lended with o th e r  
phosphates, p a r t i c u la r ly  sod iua  hexaae taphospha tes , SHMP, a 
ao re  d e s ira b le  p ro d u c t i s  o b ta in ed  th an  when STP i s  used 
alone (Mahon e t  a l . ,  1970). P hosphates u su a lly  blended v ith  
SIP f o r  use in  haa p ro cess in g  in c lu d e  SHMP and te tra s o d iu a  
pyrophosphate , TSPP (Y o llaa r and M elton, 1981).
The tre a tm e n t o f s h r ia p  w ith  tr ip o ly p h o sp h a te  a f f e c t s  
d r ip  lo s s  in  s h r ia p  c h a r a c t e r i s t i c s .  "D rip  lo s s "  i s  d efin ed  
a s  th a t  f lu id  which s e p a ra te s  f r e e ly  du ring  thaw ing f ro a  th e
fro z en  p ro d u c t w ithou t a p p l ic a t io n  o f a e c h a n ic a l o r  nanual 
p re ssu re  (A u re ll, 1976). Khan (1977) re p o rte d  th a t  d rip  
l o s s  in  u n tre a te d  s h r ia p  was e ig h t - f o ld  g re a te r  than sa a p le s  
t r e a te d  v i th  tr ip o ly p h o sp h a te  a f t e r  20 weeks of fro z en  s to ­
ra g e . The cause of d r ip  lo s s  i s  re p o rte d  to  he d e n a tu ra tio n  
of th e  p ro te in s  which lo s e  th e  a b i l i t y  to  sw e ll and r e ta in  
th e  au sc le  j u i c e , and can n o t re tu rn  to  t h e i r  o r ig in a l  condi­
t io n s  a f t e r  d e f ro s t in g  (Khan, 1977). Ahaed e t  a l .  (1973) 
re p o r te d  th a t  sod iua  phosphate, or o th e r  a lk a l in e  s a l t s  used 
fo r  soaking w i l l  p rev en t cooking lo s s  and p ro so te  ten d e rn ess  
i n  fro zen  In d ian  s h r ia p .  Bebb e t  a l .  (1975) observed th a t  
po lyphosphates can r e ta r d  co a g u la tio n  o f denatu red  p ro te in ,  
th u s  p reven ting  toughening in  t i s s u e  o f th e  s h r ia p  s p e c ie s , 
P. az tec u s .
The lo s s  o f l i g u i d  in  f i s h  was b e liev ed  to  be d i r e c t ly  
r e la te d  to  toughness of th e  p roduct (Love, 1968; Su tton  and
O g iliv e , 1968). S u tto n  and O gilive  (1968) re p o r te d  th a t  STP
had a tw o -fo ld  a c t io n ;  f i r s t ,  re d u c tio n  of f lu id  lo s s  during  
thawing o f f ro z e n  f i l l e t s ,  and seco n d ly , in c re a se d  f lu id
r e te n t io n  in  th e  f i l l e t ,  th u s  inp rov ing  t e x tu r a l  p ro p e r t ie s  
of th e  cooked f i s h .  In  c o n t r a s t .  Love (1968) suggested  th a t  
po lyphosphates weakened cod au sc le  f i b e r  s t r u c tu r e  and 
a f f e c t  th e  sw e llin g  of i t s  g e l  sy stem s, v i th  a  r e s u l t a n t
in c re a s e  in  w ater h o ld in g  c a p a c i ty .  The e f f e c t  of poly­
phosphates on f i s h ,  su g g ested  by Love (1968) and S u tton  and 
O g iliv e  (1968) , a l s o  aay  occur in  the  p o ly p h o sp h a te - tre a ted  
s h r ia p  a u sc le .
The f la v o r  of seafood p ro d u c ts  h as  been re p o r te d  to  be 
rep roved  by trea tm en t w ith  v a r io u s  phosphates. S jo s tro a
{1946) rep o rted  th a t  tre a tm e n t o f  f i s h  p ro d u c ts  v i th  d iso -
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d iua  phosphate, DSP, a f t e r  cooking and b e fo re  packaging, 
s ig n i f ic a n t ly  r e ta rd e d  developaen t o f  u n d es ira b le  f la v o r  
during  s t e r i l i z a t i o n .  X arr and co-w orkers (1969) re p o rte d  
th a t  an enzyme which hydro lyzes the  5*-n u c le o tid e s  i s  
s tro n g ly  in h ib i te d  by EDTA, pyrophosphate , potassium  f lu o r ­
id e ,  and z in c  c h lo r id e  a t  l e v e l s  between 1 and 10 ng. Since 
th e  5 '-n u c le o t id e s  a re  reco g n ized  f la v o r  i n t e n s i f i e r s  
(F a tiaa  e t  a l . ,1 9 B 1 ) , in h ib i t io n  o f such an enzyae aay 
e x p la in  reaso n s f o r  f la v o r  in p ro v eaen t due to  pyrophosphate 
a d d it io n . According to  Khan (1977) , th e  r a t in g  o f c o lo r ,  
f la v o r ,  te x tu re ,  and o v e r a l l  g u a li ty  fo r  both tr e a te d  and 
u n tre a te d  sam ples of s h r ia p , P. s e t i f e r u s . d id  no t d i f f e r  
s ig n i f ic a n t ly  a f t e r  8 weeks of fro zen  s to ra g e . However, 
a f t e r  12, 1o, 20 weeks of fro zen  s to ra g e , p h o sp h a te - tre a te d  
sh r ia p  re c e iv e d  a auch h ig h e r senso ry  sc o re  than  the 
u n tre a te d  sam ple.
Various methods o f f re e z in g  have been developed to  
iap ro v e  the  g u a l i ty  of f ro z e n  food p ro d u c ts  (Buchholz and 
P ig o t t ,  1972). A u re ll (1976) coapared g u a l i ty  d if fe re n c e s  
aaong v a rio u s  c o a n e rc ia l  s e th o d s , i . e . ,  l ig u id  freo n  f r e e -  
z a n t  p ro cess , IFF , th e  a i r  b l a s t  tu n n e l, and in - p l a t e  
f r e e z e r .  . F reez in g  s h r ia p  by th e  IFF p ro ce ss , produced a 
p ro d u ct w eight lo s s  o f 0 .8  X. Ih e  d r ip  lo s s  i n  th e  LFF pro­
c e ss , b l a s t ,  p la te  and b lock  f re e z in g  nethod , was 1 .3 , 1 .9 ,
1.5# 3.3%, r e s p e c t iv e ly .  Samples f ro a  the  block fro zen
s h r ia p  showed a poo rer te x tu r e .  Ihe speed o f f re e z in g  was 
found to  in f lu e n c e  t i s s u e  ic e  c r y s t a l  fo ra a t io n  in  th a t  
ra p id  f re e z in g  r e s u l te d  in  fo ra a t io n  o f  s a a l l e r  ic e  c r y s t a l s  
w ith in  th e  c e i l  (Appendix F ig u re  3 and 4) (Shenouda# 19b0). 
Since s a a l l e r  ic e  c r y s ta l s  w i l l  n o t daaage th e  c e l l  mea- 
b race , m o is tu re  lo s s  w i l l  he minimized when s h r ia p  a re  
thawed.
A ao re  re c e n t ae thod  to  a a in ta in  th e  f re sh n e ss  of sh r ia p  
i s  sh ipboard  f re e z in g  of s h r ia p . A m ajor econoaic  advantage 
i s  th a t  v e s s e ls  can s ta y  a t s e a  lo n g e r  because th e re  a re  no 
problems w ith  ic e  m elting  and p roduct d e te r io r a t in g .  
Another advantage o f on-board  fre e z in g  i s  a ssu ran ce  o f a 
c o n s is ta n tly  h igh  g u a l i ty  p ro d u c t p o r t - s id e  s in c e  f re e z in g  
m ain ta in s o p tim al q u a l i ty  of f r e s h  s h r ia p .  An example o f 
such methods i s  b r in e  f re e z in g  which re g u ire s  2 .33  pounds of 
s a l t  per g a llo n  o f  f r e s h  w ater o r  2.21 pounds o f s a l t  per 
g a llo n  o f sea w ater (Hagle e t  a l .#  1977) • Ihe aax iaua#  con­
d i t io n  o f fre ez in g #  -23 C w i l l  f re e z e  s h r ia p  w ith in  12 to  15 
a in u te s . As aen tio n ed  e a r l ie r#  r a p id  f re e z in g  r e s u l t s  in  
sm a ll and numerous i c e  c r y s t a l s .  I f  s h r ia p  a re  allow ed to  
f r e e z e  slow ly# la rg e  i c e  c r y s t a l s  f o ra  w ith in  each in d iv i ­
d u a l a u sc le  c e l l  and e v e n tu a lly  daaage th e  c e l l  neabrane 
(Appendix F ig u re  4 ) . Form ation and e f f e c t  of i c e  c r y s ta l s  
in  shrim p t i s s u e  w i l l  be d iscu ssed  in  a  subseguent s e c t io n .
Frozen s to ra g e  s t a b i l i t y  o f fre sh w a te r  prawns depends on
th e  methods of p re p a ra tio n  and p re se rv a tio n  (H iy a jia a  and 
Cobb, 1977; Hip and Hoy, 1979; Hale and H a te rs , 1991). 
H iyajaaa and Cobh (1977) re p o r te d  th a t  th e  b e s t  procedure to  
p rese rv e  prawns was by g la z in g  with th e  hepatopancreas 
renoved. They re p o r te d  th a t  t o t a l  v o l a t i l e  n itro g e n  (TVH) 
was a ls o  low ered in  g lazed  H epatopancreas-renoved prawns. 
Hale and H aters (1991) showed th a t  TVH re a a in e d  r e l a t iv e ly  
low f o r  prawns du ring  th e  f i r s t  6 aon ths of f ro z e n  s to ra g e . 
Moreover, TVH in c re a s e d  between 6-9 aon ths of f ro z e n  s to ra g e  
and th e  o v e r a l l  a c c e p ta b i l i ty  of th e  fro zen  p ro d u cts  
d e c lin e d  w ith  re s p e c t  to  t in e  during  f ro z e n  s to ra g e . 
According to  H iy a jia a  and Cobb (1977), a f t e r  6 aon ths of 
f ro z e n  s to ra g e , th e  ta s te  and a o is tu re  s c o re s  o f prawns 
showed a s ig n i f i c a n t  d ec rease . Hip and Hoy (1979) have n o t 
observed a s ig n i f i c a n t  change in  sensory g u a l i ty  i n  cooked 
fro zen  praw ns. Hhen prawns were fro zen  by d ipp ing  in to  
l ig u id  n itro g e n , a n ia a ls  were judged very c lo s e  to  f re sh  
sam ples in  sensory  g u a l i ty  a f t e r  1 aonth of fro zen  s to ra g e . 
Hale and H aters (1991) shoved th a t  a l l  prawns had a f in e r  
te x tu re  a f t e r  3 aon ths o f f ro z e n  s to ra g e , ex cep t cooked 
whole sp e c ia e n s . As ex p e c te d , le v e ls  o f a ic ro o rg a n is a s  
d e c lin e d  over th e  fro zen  s to r a g e  p e rio d , in  an  o rd e r  of log  
magnitude (H iy a jia a  and Cobb, 1977) • Hale and H ater (1981) 
showed th a t  c o l i f o r a s  decreased  f ro a  60 c e l ls /1 0 0  g to  9 
c e l l s /1 0 0  g . The o b se rv a tio n s  aade by the  w orkers aen tio n ed  
(H iy a jiaa  and Cobb, 1977; Hip and Hoy, 1979; H ale and H ate r, 
1981) in d ic a te d  th a t  f ro zen  s t a b i l i t y  of fro zen  prawns fo r  6
■oaths compared fav o rab ly  v i th  th a t  found fo r  penaeid 
sh r ia p .
Length o f  time i n  i c e ,  and o th e r  h an d lin g  procedures 
b e fo re  f re e z in g , a re  ia p o r ta n t  c o n s id e ra tio n s  i n  g u a l i ty  of 
fro zen  p ro d u cts  (F ieg er e t  a l * ,  1954; B iaz and Q adri, 1979). 
Shriap  fro zen  fo r  n in e  ao n th s  vas Judged a s  u n accep tab le  i f  
s to re d  fo r  48 hours a t  4 C b e fo re  f re e z in g  (S reen , 1949)• 
B iaz and g a d r i  (1979) observed th a t  g u a l i ty  of fro z en  s h r ia p  
i s  in v e rse ly  p ro p o r t io n a l  to  th e  t in e  of ic e  s to ra g e  p r io r  
to  f re e z in g . I h e i r  d a ta  in d ic a te d  t h a t  s h r ia p  fro z en  a f t e r  
10-day ic e  s to ra g e  a re  poorer in  g u a l i ty  and com prise an 
unaccep tab le  p ro d u c t. These v o th e rs  a ls o  re p o r te d  th a t  
s h r ia p  held  f o r  th e  f i r s t  3 days r e s u lte d  in  a h ig h e r g u a l­
i t y  than  th o se  k ep t i n  ic e  f o r  4-10 days b e fo re  f re e z in g .
B abb itt e t  a l .  (1974) in d ic a te d  th a t  in c o rp o ra tio n  of 
s h r ia p  ( Bandalus i o rd an i ) in to  a f i s h - s h r ia p  p o r tio n  
(50:50) g r e a t ly  enhanced a c c e p ta b i l i ty  by co n su aers  of 
■ ech an ica lly  deboned ainced f i s h  a u sc le  during  fro zen  s to ­
rag e . f ie su lts  dem onstrated  th a t  th e  in c o rp o ra tio n  of sh r ia p  
extended th e  s h e lf  l i f e  of th e  fro z e n  f i s h  a u s c le . The 
a d d it io n  o f s h r ia p  a e a t  s ig n i f i c a n t ly  iaproved  th e  accep t­
a b i l i t y ,  s h e l f - l i f e  s t a b i l i t y ,  and decreased  th e  fo ra a t io n  
o f aalonaldehyde and p ero x id es in  a inced  f i s h  (B ab b itt e t  
a l . ,  1976). I t  vas found t h a t  th e  b e n e f ic ia l  e f f e c t s  of
in c o rp o ra tin g  s h r ia p  v ith  a inced  f i s h  v ere  due to  su b stan ces 
e x t ra c ta b le  in  e th a n o l v i th  a n t io x id a n t  p ro p e r t ie s .  The
a n tio x id a n t conponeiit vas i d e n t i f i e d  a s  to co p h ero l along 
v i th  a t  l e a s t  one o th e r  compound (fiogers and L i l l a r d ,  1979).
P h y s ic a l P ro p e r t ie s  of Shrimp
Shriap  te x tu re  i s  an im p o rtan t sen so ry  c h a r a c te r i s t i c  
vh ich  u ltim a te ly  a f f e c t s  th e  o v e ra l l  a c c e p ta b i l i ty  o f th e  
p ro d u ct. P ro te in  e x t r a c t a b i l i t y  can be used to  measure such 
te x tu r a l  changes in  s h r ia p .  L ik ev ise , tran sm iss io n  e le c tro n  
microscopy can a ls o  be used to  examine th e  f in e  s t r u c t u r a l  
changes in  shrim p, e s p e c ia l ly  th o se  o f  s t r u c t u r a l  p ro te in s .  
Ih e  fo llo v in g  b r i e f l y  rev ie v s  th e  p h y s ic a l p ro p e r t ie s  of 
shrim p, i . e . ,  te x tu r e ,  p ro te in  e x t r a c t a b i l i t y ,  and f in e  
s t r u c tu r e ,  aud se rv e s  as background in fo rm atio n  f o r  th e  p re ­
s e n t  re sea rch  and d isc u s s io n .
T exture
t
Shrimp te x tu re  h a s  been determ ined using sen so ry  te c h n i­
ques (Hale aud H a te rs , 1981; Edmunds and l i l l a r d ,  1979), 
H a rn e r-B ra tz le r  sh e a r  ap p a ra tu s  (K ila ich o n , 1979), so lu b le  
p ro te in  index (Khan, 1977), and In s tro n  (H iliach o n , 1979). 
H ila ichon  (1979) re p o r te d  s ig n i f i c a n t  d if f e re n c e s  in  shrimp 
te x tu re  r e la te d  to s i z e ,  postmortem tim e , and pH. A compar­
is o n  of fo rc e  (Hevton/gm) a t  d i f f e r e n t  m olt s ta g e s  o f 
penaeid  shrim p in d ic a te d  th a t  p rem olt shrim p re q u ire  more 
fo rc e  per u n it  to  cause r u p tu re  to  th e  n ic ro s t ru c tu re  than 
th a t  found in  bo th  p ostm o lt and i n t e r a o l t  s h r ia p .  Hovever, 
o b se rv a tio n s  o f s h r ia p  b io ch em ica l com position , u l t r a s t r u c -
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t a r e ,  a y o f ib r i l l a r  p ro te in s ,  and c o l l a  gens d id  no t ex p la in  
d if fe re n c e s  in  th e  te x tu re  of p rem olt s h r ia p  coapared v i th  
o th e r  a o l t in g  s ta g e s .
C onsiderab ly  no re d e ta i le d  in to r a a t io n  i s  a v a i la b le  on 
te x tu re  of f i s h  th an  s h r ia p .  F ish  becoae tough , dry  and
f ib ro u s , a change a t t r i b u t e d  to  d e n a tu ra tio n  of th e  n y o fi-
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b r i l l  a r  p ro te in  ( She nouda, I9 6 0 ). In  a d d i t io n , p ro te in  
d e n a tu ra tio u  r e a d i ly  causes f l u id  lo s s  o r  "d r ip "  a f t e r  thav- 
in g . Connell (1975) re p o r te d  th a t  th e  a y o f i b r i l l a r  p ro te in s  
of frozen  f i s h  r a p id ly  becoae "d en a tu red " , i . e . ,  in s o lu b le  
in  weak s a l t  s o lu t io n  du ring  s to ra g e  a t  tem pera tu res below 
f re e z in g .
T heories of p ro te in  d e n a tu ra tio n  and i t s  r e la t io n s h ip  to  
te x tu re  have been su n n a riz e d  by Shenouda (1990) (Appendix 
f ig u re  5) and S ih o rs h i e t  a l .  (1976). U ndesirab le  t e x tu r a l  
changes a re  major c o n s id e ra t io n s  in  Judging fro zen  seafood  
g u a l i ty .  A study o f  c ru s ta c e a  in d ic a te d  th a t  such changes 
nay be due to  p ro te in  d e n a tu ra tio n  du ring  f ro z en  s to ra g e , 
p a r t ic u la r ly  th e  a y o f i b r i l l a r  p ro te in  (Faulkner and l a t t s ,  
1955). F a c to rs  such  as m o is tu re , l i p i d s ,  and enzymes have 
been rep o rte d  to  cau se  f i s h  p ro te in  d e n a tu ra tio n  and te x tu re  
d e te r io ra t io n  during  f ro z e n  s to r a g e .  These f a c to r s ,  and 
p e r t in e n t  l i t e r a t u r e  c i t a t i o n s ,  a re  l i s t e d  in  Appendix Table 
2 and 3 . The e f f e c t  of m oistu re  changes on p ro te in  denatu­
r a t io n  can be c l a s s i f i e d  acco rd ing  to  th re e  m ajor p a t te rn s :  
daaage due to  f o ra a t io n  of ic e  c r y s t a l ,  daaage due to  dehyd­
r a t io n ,  and, th a t  due t o  an in c re a s e  in  s a l t  c o n c e n tra tio n  
(see Appendix Table 3 ;  Shenouda, 1980) •
Bhen a u sc le  food i s  f ro z e n , i n t e r -  and i u t r a - c e l l u l a r  ic e  
c r y s ta l s  a re  fo raed , depending on th e  r a t e  o£ f re e z in g  (Van 
HooJc, 1961) (see Appendix F igu re  3) .  At a slow fre e z in g  
r a t e ,  th e  e x te r io r  o f  th e  c e l l  c o o ls  nore ra p id ly  than  th e  
i n t e r i o r ,  and with a con tinuous dropping of te a p e ra tu re ,  the 
supercooled  e x t r a c e l lu la r  f lu id  reach es  a c r i t i c a l  te a p e ra -
tu r e  a t  which w ater s e p a ra te s  f ro a  th e  s o lu te ,  fo ra in g
e x t r a c e l lu la r  ic e  c r y s t a l s  (Appendix F igure  3 ; Mery Ban,
1963) . At th e  saae  t i a e ,  t h i s  slow f re e z in g  r a t e  induces a 
high s a l t  c o n c e n tra tio n  in  th e  e x t r a c e l lu la r  f l u i d ,  which in  
tu rn  teaoves a o is tu re  f ro a  w ith in  th e  c e l l  f lu id  v ia  o sa o s is  
(Love, 1968) . D ehydration  of p ro te in  a o le c u le s  r e s u l te d  
during  fre e z in g  by a ig r a t io n  o f h y d ra tio n  water a o le c u le s  to  
fo ra  ic e  c r y s t a l s  (X anford, 1973). Xhe dehydra tion  o f p ro ­
t e i n  a o le c u le s  r e s u l t s  in  a d is ru p tio n  o f th e  hydrogen Pond­
ing sy s te a  a s  w ell as th e  exposure of su rfa c e  re g io n s ,
hydrophobic o r  h y d ro p h il ic , of th e  p ro te in  a o le c u le s ,  and 
consequently  le a v e s  th e se  a o le c u le s  u n p ro tec ted  and th e re ­
fo r e  e a s i ly  daaaged (Levin, 197U).
P ro te in  e x t r a c ta b i l i t y  has been used to  a e a su re  p ro te in  
d e n a tu ra tio n  and te x tu r e  d e te r io r a t io n  during  co ld  s to ra g e  
(C onnell, 1975; Oyer e t  a l . , 1950; Love and Hacfcey, 1962). 
Muscle p ro te in  can be c l a s s i f i e d  a s  s a rc o p la s a ic ,  a y o f ib r i l -
l a r ,  and strom a accord ing  to  t h e i r  ex t r a c t a b i l i t y  (Appendix 
Table 1; g lo s s a ry ) .  To measure th e  e x t r a c t a b i l i t y  o f  p ro­
te in s  from fro zen  f i s h .  Dyer e t  a l .  (1950) used a b lending  
techn ique in  which th e  f i s h  muscle vas homogenized in  a s a l t  
s o lu t io n .  The e x t r a c t a b i l i t y  value depended upon th e  dura­
t i o n  and tem pera tu re  of fro zen  s to ra g e . I t  was a lso  shown 
th a t  re d u c tio n  in  p ro te in  e x t r a c t a b i l i t y  c o r r e la te d  with an 
in c re a s e  in  to u g h n ess , a s  a s se sse d  by sen so ry  te ch n ig u e s .
Buttkus (1967) and S ik o rsk i e t  a l .  (1976) re p o r te d  a 
d ec rease  in  p ro te in  e x t r a c t a b i l i t y  in  0 .5  X NaCl, e s p e c ia l ly  
in  f i s h  and meat du ring  fro zen  s to ra g e . Changes in  p ro te in  
e x t r a c ta b i l i t y  have been a t t r i b u te d  to  a number o f f a c to r s ,  
in c lu d in g  p r o te c t iv e  e f f e c t  o f in t a c t  l i p i d s  and r e a c t io n s  
o f t r e e  f a t t y  a c id s  and form aldehyde with p ro te in s  (O lley e t  
a l . ,  1962; F ran k el-C o n ra t and O lc o t t ,  1949). Dyer and F ra­
s e r  (1951) re p o r te d  t h a t  v a rio u s  f i s h  sp e c ie s  showed an 
apparen t r e la t io n s h ip  between s t a b i l i t y  and t h e i r  f a t  or 
i n t a c t  l i p i d  c o n te n t.  Dyer and D ingle (1961) found th a t  
le a n  f i s h ,  i . e . , l i z a r d  f i s h ,  cod, and haddock, w ith a f a t  
co n te n t of l e s s  than  1 X, were l e s s  s t a b le  and shoved a 
f a i r l y  ra p id  d e c re a se  in  p ro te in  (actomyosin) compared with 
f a t t y  f i s h  s p e c ie s ,  3-10 X l i p i d s ,  such a s  y e l l o v t a i l ,  h a l i ­
b u t ,  and r o s e f i s h .  The p resence  o f  t r ig ly c e r id e s  (love  and 
S le r ia n , 1965) and p h o sp h o lip id s  (O lley and L overs, 1960) 
vas found to  d im in ish  th e  d e tr im e n ta l e f f e c t  o f  f r e e  f a t ty  
a c id s  (FFA) • I t  i s  assumed t h a t  n e u tra l  l i p i d s  w i l l  d is ­
so lv e  th e  FFA and n e u t r a l iz e  t h e i r  hydrophobic e f f e c t  on
p ro te in s .  I t  i s  a l s o  p o ss ib le  th a t#  by d is s o lv in g  th e  FFA, 
n e u tra l  l i p i d  w i l l  d i l u t e  t h e i r  a c t io n  o r  compete v ith  FFA 
f o r  th e  b ind ing  s i t e s  on th e  p ro te in s  (love and B le r ia n , 
196 5) .
Xhe developnent o f  toughness in  f ro z e n -s to re d  f i s h  (cod, 
s o le ,  h a l ib u t ,  e t c . )  c o r r e l a t e s  v ith  d ec re ase  in  p ro te in  
e x t r a c t a b i l i t y .  S im ila r ly  th e re  i s  a c o r r e la t io n  betveen 
th e  d e c lin e  in  p ro te in  e x t r a c t a b i l i t y  and ac cu n u la tio n  of 
FFA in  f ro z e n -s to re d  f i s h  (O lley  e t  a l« ,  1962). As a 
r e s u l t ,  the  d e tr im e n ta l  e f f e c t  of FFA on te x tu r a l  g u a l i ty  o f 
f ro z e n -s to re d  f i s h  has been documented (Oyer and F ra s e r , 
1959; Deng, 1977; O lley  and Duncan, 1965). F ree  f a t t y  a c id s  
v ere  b e liev ed  to  b in d  p r im a r ily  th e  m y o f ib r i l la r  p ro te in s  
(Jarenback and L iljem ark , 1975a). X heir b ind ing  to  sa rc o ­
plasm ic p ro te in s  vas n o t exc luded , bu t ap p a re n tly  d id  a f f e c t  
th e  s o lu b i l i t y  of sa rco p lasm ic  p ro te in s  (Love and (lackey, 
1962; Love and H uslem uldin, 1972). C h ild s  (1974) rep o rted  
th a t  tropom yosin vas a lso  h ig h ly  in s o lu b i l iz e d  due to  th e  
e f f e c t  o f f r e e  f a t t y  ac id -h y d ro ly zed  s a f f lo v e r  o i l .
Xhe d is t r ib u t io n  o f  th e  enzyae (XHAOase), vhich u su a lly  
i s  d e tec ted  by measurement o f end p ro d u c ts , d iae thy lam ine  
(DBA) and form aldehyde ,  h a s  been surveyed by many vo rkers 
(C a s te ll  e t  a l . ,  1973; B a b b itt e t  a l « ,  1972; Harada, 1975; 
B i l tz  e t  a l . ,  1976).. I t  i s  v id e ly  accep ted  t h a t  d e te r io r a ­
t io n  in  g u a l i ty  and te x tu re  of f ro z e n -s to re d  f i s h ,  due to  
th e  enzym atic breakdown of XflAO, i s  b a s ic a l ly  a t t r i b u t e d  to
form ation  of form aldehyde r a th e r  th an  to  DBA (Shenouda, 
1980) . D ingle e t  a l .  (1977) re p o rte d  th a t  th e  developaent 
o f toughness and sp o n g e -lik e  te x tu re  in  f i s h  n ea t nay be due 
to  form aldehyde. Foraaldehyde ren d ered  th e  n e a t unaccep ta­
b le  to  consuaers by th e  t in e  i t  has reached  a very lo u  con­
c e n tr a t io n ,  0 .5  ad p e r 100 g of f l e s h .  The p resen ce  o f  f o r -
aaldehyde a lso  caused a n o tic e a b le  d ec rease  in
e x t r a c ta b i l i t y  of t o t a l  p r o te in s ,  p a r t i c u la r ly  th e  a y o f i­
b r i l l a r  group; th e  tro p o n y o sin  and heavy ch a in s  of ayosin  
were a o s t a f f e c te d ,  v i th  a c t in  and tro p o n in  conponents l e a s t  
a f fe c te d  (C h ild s , 1974). Foraaldehyde vas ab le  to  bind
c o v a le n tly  to  v a rio u s  fu n c tio n a l  groups in  th e  p r o te in ,  and 
hence vould cau se  a d e fo rn a tio n  accompanied by c ro s s - l in k in g  
betveen th e  p ro te in  p ep tid e  c h a in s  v ia  ae th y le n e  b rid g es  
(C onnell, 197b). V arious r e a c t io n  s i t e s  in  p ro te in  molec­
u le s , s e n s i t iv e  to  fo raa ld eh y d e  a t ta c k ,  vere i d e n t i f i e d ,  
in c lu d in g  a a in o , a a id o , guan ido , t h i o l ,  p h en o lic , im id azo le , 
and in d o ly l re s id u e s  (H alker, 1964). Using model system s of 
v a rio u s  aa in o  a c id s  and aa ino  ac id  an a lo g s , Devar e t  a l .  
(1975), eap loy ing  liflfi sp ec tro sco p y , vere ab le  to  d e te c t  and 
confirm  th e  to ra a ld e h y d e -d e riv e d  ae th y len e  b r id g e s . .
D eta iled  in fo rm a tio n  concern ing  th e  e f f e c t  of l i p i d s ,  
f r e e  f a t ty  a c id s ,  TABOase, and fo raa ldhyde  on p ro te in  dena­
tu r a t io n  a re  thoroughly  review ed by S ik o rs k i e t  a l .  (1976) 
and shenouda (1980)..
U l t r a s t r u c t u r e
I t  has been v e i l  docuaented th a t  Ic ia g  and f re e z in g  
cau ses s t r u c t u r a l  p ro te in  and b io c h e a ic a l a l t e r a t i o n s  in  
p o rc in e , bov ine , ch ick en  and f is h  a u sc le  (Abbott e t  a l . ,  
1977; B e llo  e t  a l . ,  1981; Henderson e t  a l . ,  1970; Jarenback 
and L i l j e a a r k ,  1975a) .  In  c o n t r a s t ,  a l t e r a t i o n s  in  s t r u c ­
t u r a l  p ro te in  r e l a t i n g  to  b io c h e a ic a l  changes in  s h r ia p  aus­
c le  have n o t been v e i l  s tu d ie d  (L ig h tn e r , 1974; Hoviand e t 
a l . ,  1982). This review  in c lu d e s  b r ie f  background in fo rn a -  
t io n ,  in c lu d in g  te rs in o lo g y  o f in v e r te b ra te  and c ru s ta c e an  
s t r a i t e d  a u sc le  which s e rv e s  a s  an a id  in  th e  d e s c r ip tio n  
and th e  in t e r p r e t a t i o n  o f  th e  s h r ia p  f in e  s t r u c tu r e  d a ta . 
S e le c te d  s tu d ie s  on p o rc in e , b o v in e , ch icken and f i s h  aus­
c l e ,  re le v a n t to  th e  p re se n t r e s e a rc h , a re  d isc u sse d  a ls o .
Many in v e s t ig a to r s  have developed ae thods, in c lu d in g  
l ig h t  n icroscopy  (Love, 1968), t r a n s a is s io n  e le c t ro n  a ic ro s -  
copy (L i l je a a rk , 1969; Ja renback  and L il je a a rk ,  1975b), and 
scanning  n ic ro sco p y  (G iddings and H i l l ,  1978) to  a o n ito r  the  
e f f e c t  o f ic in g  and f re e z in g  on f in e  s t r u c t u r a l  changes in  
a a r in e  a n in a ls ,  e s p e c ia l ly  f i s h .  The t r a n s a is s io n  e le c tro n  
n icroscopy aethod was used f o r  the re se a rc h  re p o r te d  h e re . 
Hhen lo n g i tu d in a l  s e c t io n s  o f  s k e l e t a l  a u sc le  f ro a  in v e r te ­
b ra te  a re  viewed under a l i g h t  a ic ro sco p e , th e  a u sc le  
f i b e r s  a re  seen  to  be d iv id ed  in to  a l t e r n a te  A - ( a n is t ro p ic ) , 
dark  and I - ( i s o t r o p i c ) , l i g h t  bands. The 1 - ( is o tro p ic )  
bands a re  narrow er th a n  A -(a n is tro p ic )  bands. The 1-bands 
a re  d iv id ed  by Z - l in e s ,  which a ls o  d e l i a i t  th e  s a rc o a e re s , 
th e  r e g u ia r ly  r e p e a tin g  u n i t s  o f  th e  f i b e r .  A sa rco n ere  i s
a u n i t  o f m uscular c o n t r a c t io n ,  i t  ex ten d s between two ad ja ­
c e n t Z - l in e s . The A-bands a re  d iv ided  by a c le a re d  reg io n , 
th e  H-zone which in  tu rn  i s  d iv id ed  by a d if fu s e d  l i n e ,  the
H -lin e . These in v e r te b r a te  a u s c le s  a re  s im ila r  to  s t r a i t e d
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muscle f ib e r  in  o th e r  anim als (Atwood, 1972).
U l t r a s t r u c tu r a l  o b se rv a tio n  o f c ru s ta ce an  f i b e r s  showed 
th a t  au sc le  f i b e r s  c o n s is t  of H -zones, Z - l in e s ,  A-baads, and
I-b an d s s im ila r  to  v e r te b r a te  s t r a i t e d  au sc le  (Svan, 1962; 
B randt e t  a l . , 196b; F ranzin i-A rm strong , 1970; Atwood, 1972; 
HcNeil e t  a l . , 1972) . However, c ru s ta c e a n  f i b e r s  shoved no 
M -lines a t  th e  c e n te r  o f  sa rcom eres. The sarcom eres have 
two s e t s  o f i u t e r d i g i t a t i n g  f i la m e n ts , th in  and th ic k  f i l a ­
m ents. Thin f i la m e n ts  a re  composed predom inantly  o f th e  
p ro te in s  a c t in ,  tropom yosin and tro p o n in , and a r e  connected 
to  th e  Z - l in e s  and extended in to  th e  sarcom ere. In  th e  
r e s t in g  m uscles, how ever, th in  f i la m e n ts  do no t meet those  
f i la m e n ts  o r ig in a t in g  from a d ja ce n t Z - l in e s .  Thick f i l a ­
m ents, composed of th e  p ro te in  myosin, s t r e t c h  from th e  cen­
t e r  o f th e  sarcom eres tow ard th e  Z - l in e s ,  b u t the th ic k  
f i la m e n ts  on each s id e  o f th e  Z - l in e s  do no t b r id g e  over 
when th e  muscle i s  i n  th e  normal re la x e d  s t a t e .  The I-band  
i s  th e  re g io n  c o n ta in in g  only th in  f i la m e n ts  w hile the  
A-band c o n ta in s  bo th  (Huxley, 1972) • I t  h as  been shown th a t  
in c re a s in g  th e  sarcom ere le n g th  above 1.8-2.Q  um has an 
e f f e c t  on te x tu r e  sh e a r  fo rc e  ; however, d ec reasin g  th e  s a r ­
comere le n g th  from 1.8 |im to  below 1.2 ua r e s u l t s  in  a ra p id  
in c re a s e  in  sh e a r f o r c e ,  a s  o ccu rs  in  very co ld -sh o rte n ed
au sc le  (H erring e t  a l . ,  1967; fiouton e t  a l . ,  1973). Like­
w ise, H a rris  (1976) suggested  th a t  v a lu es  f o r  sa rc o a e re  
le n g th  r e f l e c t  th e  m y o f ib r i l la r  c o n tra c t io n  s t a t e  in  bovine 
a u s c le . Xhese a r t i c l e s  have c o n firae d  th a t  sa rc o a e re  len g th  
i s  an im p o rtan t a e a su rea e n t in  study ing  a u s c le , and can be 
ap p lie d  in  th e  a n a ly s is  of s h r ia p  a u sc le  and i t s  r e l a t i o n ­
s h ip  to  te x tu re .
C rustacean  a u s c le s  posses bo th  long and s h o r t  sa rc o n e re s . 
Atwood (1972) d esc rib ed  th e  long sa rc o n e re s  a s  th o se  o f 6-10 
pa whereas sh o r t  sa rc o n e re s  a re  2-4  pa. l o s e l l i  and Pepe 
(1968) s tu d ie d  th e  f u l l y  developed a u sc le  o f  in s e c t s  showing 
long sa rc o n e re s , 8-10 p a , i r r e g u la r  Z - l in e s ,  apparen t H 
zones and no H -lin e . Hayes e t  a l .  (1971) found th a t  average 
sa rc o n e re s  and A-bands from lo b s te r  t a i l  au sc le  were approx­
im a te ly  4 .6  and 3 .6  pa lo n g , r e s p e c t iv e ly  w hile  sa rc o n e res  
and A-bands from claw a u s c le  a re  12.4 and 6 .0  pa lo n g , 
re s p e c tiv e ly . S in g le  f i b e r s  i s o la te d  f ro a  walking leg  nus- 
c le s  of c ra y f is h  have s a rc o a e re s  8-10 pa long (B randt, e t  
a l . ,  1965). Xhe sa rc o a e re  le n g th  in  s h r ia p  i s  ap p ro x ia a te ly  
2 -4 .3  pa (B aliachoa, 1979) coapared to  2-3 pa i n  a u s c le s  of 
th e  v e r te b ra te  (Huxley, 1972). Shriap  abdoninal a u s c le s  a re  
aade up o f  th e  s h o r t  s a rc o a e re  ty p e s  d esc rib ed  by Atwood 
(1972). H ila ichon  (1979), u s in g  t r a n s a is s io n  e le c tro n  
n ic roscopy , s tu d ie d  u l t r a s t r u c tu r a l  changes in  s h r ia p  t a i l  
a u s c le  f ib e r s  a t  th r e e  d i f f e r e n t  a o ltin g  s ta g e s .  He 
observed th a t  s h r ia p  f ib e r s  co n ta in e d  s a rc o a e re  le n g th s  of
2 -4 .3  pa, A-band of 0 .4 -0 .8  pa, and H -lin e s  were n o t d i s t i n ­
gu ished . Few m itochondria  and muscle n u c le i were observed 
by R ilaichon  (1979) i n  £• s e t i f e r u s .
In  s tu d ie s  of th e  shrim p, P . a z te c u s . L ig h tn e r  (1974) 
determ ined th e  normal r a te  and p a t te rn  o f  g ross and h is to lo ­
g ic a l  postmortem changes. The s t i f f e n in g  of th e  abdominal 
m usculature was n o ted  a t two hours postmortem a t  30 C, b u t 
d isappeared  by 12 h o u rs . The a u s c le  o f th e  cep h a lo th o rax  in  
th e  v ic in i ty  of the  h ep a to p an creas underwent r a p id  a u to ly t ic  
change, ap p a ren tly  due to  enzym atic d ig e s tio n  and l y s i s  of 
hepatopancreas c e l l s .  The a u to ly t ic  changes in  shrim p aus­
c le  were much slow er a t a re a s  d is ta n t  from th e  hepatopan­
c re a s  re g io n . L ig h tn e r (1974) d e te c te d  pronounced s w e llin g , 
presumably edem atoses, between a d ja c e n t muscle f i b e r s .
Jarenback and L ijem ark (1975a) s tu d ie d  changes in  p o s t­
mortem cod au sc le . H hile they  d id  n o t observe changes in  
Z - l in e s  a f t e r  2-3 days s to ra g e  a t  0 C ., re g io n s  o f  c o n tra c ­
t io n ,  ex teu sio n  and d i s to r t i o n  o f th e  cod f i b r i l s  were 
n o ted . The f i la m e n ts  a r e  c l e a r ly  se p a ra te d  and r e ta in  th e i r  
hexagonal pack ing . In  p o s t - r ig o r  s t a t e ,  th e  o rdered  s t r u c ­
tu r e s  o f th e  tu b u le s  (T) and sa rcop lasm ic  re tic u lu m  (SB) 
system s a re  re p la c e d  by a conglom eration  of approxim ately  
s p h e r ic a l  v e s ic le s  s i t u a te d  between th e  f i b r i l s .  The p la s -  
malemma degrade, lo s in g  t h e i r  i n t e g r i t y ,  and allow  th e  c e l l  
c o n te n ts  to  be exuded in to  e x t r a c e l lu la r  space . The sa rc o -  
p la sn  becomes more d i f fu s e ,  b u t the  c o llag e n  f i b e r s  a re  
s t i l l  v i s i b l e .
Bole o f  I n d iv id u a l Compounds in  S h riap  F lav o r
Free amino a c id s  and f a t t y  a c id s  a re  th e  two a a jo r  f la v o r  
conponents s tu d ie d  in  th e  p re s e n t in v e s t ig a t io n .  Changes of 
th e se  two compounds du ring  ic e  and frozen  s to ra g e  were d is ­
cussed  in  e a r l i e r  s e c t io n s  (R etard ing  of D egradative  fieac- 
t io n s )  . The fo llo w in g  s e c t io n s  n o te  th e  r o le s  of f re e  anino 
a c id s  and f a t t y  ac id s  in  sh r in p  f la v o r ,  and r e p o r ts  p e r t i ­
n en t to  th e  f la v o r  a s p e c ts  o f th e se  compounds fro n  o th e r  
food p roducts  a lso  a r e  rev iew ed .
F ree Anino Acids
Free anino ac id s  a r e  p re se n t in  th e  t i s s u e  and p h y sio lo ­
g ic a l  f lu id  o f  a l l  v e r te b ra te  and in v e r te b ra te  a n in a ls  (Bow­
e r s ,  1969; Bolden, 1962; P e d ra ja , 1970). These compounds 
a re  connoniy b e lie v e d  to  be e s s e n t i a l  conponents in  food 
f la v o r s .  For exam ple, g ly c in e  and a la n in e  c o n tr ib u te  to  
th e  d i s t i n c t  sw eet t a s t e  in  lo b s te r  and crab  (Anano and 
B ito , 1961) . H is t id in e ,  th e  predom inant amino a c id  in  h e r­
r in g  and m ackerel, c o n t r ib u te s  to  th e  d i s t i n c t  meaty ch arac­
t e r  (Schewau and Jo n e s , 1957). Hashimoto (1964) observed 
th a t  pure s o lu t io n s  of g lu tam ic ac id  combined w ith  in o s in e  
monophosphate and guanine monophosphate d isp la y  a meaty 
t a s t e .  The t a s t e s  o f  in d iv id u a l  anino a c id s  were c h a ra c te r ­
iz e d  by K ir in u ra  e t  a l .  (1969) a s  being sw ee t, s a l t y ,  s o u r , 
b i t t e r ,  o r  nonosodium L -g lu ta m a te - lik e . A rginine i s  b i t t e r ,  
accompanied by s l i g h t  sw ee tn ess , w hereas s e r in e  i s  sw eet, 
accompanied b j so u rn ess  and ASG-like f l a v o r .  G lutam ic ac id
i s  a co ab in a tio n  o f  th e  so u rn ess  and Beaty c h a ra c te r s .  
S o lbs (1969) re p o rte d  th a t  the conson pure anino a c id s  have 
th e  fo llow ing  p ro p e r t ie s  near n e u t r a l i t y :  no t a s t e  a t  a l l :
D-alanine# D- and 1 - iso le u c in e #  D- and L - ly s in e , D- and
1 -arg in in e#  D- and L -a s p a r t ic  acid# D- and 1 -g lu ta n ic  a c id ,  
1 -h is t id in e #  D- and 1 -p ro lin e #  D- and I -s e r in e #  D- and
1-th reon ine#  and 0- and L -v a lin e . Sweetness# in  o rd er o l
decreasing  sw eetness: D -tryptophan# D -h is tid in e #  D-phenyla­
lan ine#  D -ty rosine#  D -leucine# and L -a lan in e . B itte rn ess#  
in  o rder o f d ec reasin g  b i t t e r n e s s :  L -try tophan# 1 -phenyla­
lan ine#  l- ty ro s in e #  1 - le u c in e . S u lfu ro u s t a s t e :  D- and
1 -cy ste in e#  and 0- and 1 -a e th io n in e . 1 -g lu ta n ic  ac id  has a 
uniglie flav o r-e n h an c in g  p ro p e r ty .
K irin u ra  (1969) a lso  re p o r te d  th a t  th e  t a s t e  of p ep tid e s  
i s  g en e ra lly  weak compared to  those of th e  co rrespond ing  
f r e e  anino a c id s . The f la v o r  c h a r a c te r i s t i c s  of p ep tid es  
a re  co a p le r  b u t can be c l a s s i f i e d  in to  th re e  g e n e ra l groups: 
B i t te r  : p e p tid e s  such as 1 - le u c in e -1 - leucine#  1 -a rg in in e
1 - a r g in in e - l - p ro l in e .
Sour : p e p tid e s  such a s  l - a l a n in e - l - a s p a r t i c  a c id - I - g lu -
ta n ic  a c id -1 -g lu ta m ic  a c id , 
l i t t l e  or no t a s te :  G ly c in e -g ly c in e -g ly c in e -g ly c in e .
Huggins and Hunday (196b) # in  a review  on th e  n e ta b o lis n  
of C rustacea# s t a t e d  t h a t  a s t r i k in g  f e a tu re  o f the f r e e  
anino  ac id  pool was th e  p resen ce  o f  la rg e  a so u n ts  of a r g i ­
nine# glycine#  and p ro l in e .  Konosu e t  a l .  (1960) s tu d ie d
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f r e e  anino ac id  p a t te r n  in  th e  s h r ia p , £ . ia u o n icu s . and 
found th a t  g ly c in e  was a o s t abundant, and com prising about 
50% o f th e  t o t a l  f r e e  anino a c id s . A rg in in e , p ro lin e ,  
s e r in e ,  g lu tam ic a c id ,  and a la n in e  were r e l a t i v e l y  h igh  in  
c o n c e n tra tio n . P ed ra ja  (1970) d isc u sse d  th e  v a rio u s  reac ­
t io n s  a f f e c t in g  f la v o r ,  and no ted  th a t  f r e e  a a in o  a c id  pro­
f i l e s  changed during  s to ra g e . As ae n tio n ed  p re v io u s ly , aany 
in v e s t ig a to r s  have shown th a t  th e  f r e e  amino a c id  c o n te n t of 
s h r ia p  decreased  du rin g  ic e  s to ra g e  (V anderzant e t  a l . , 
1973: Cobb e t  a l . ,  1973, 1974 and 1976). S h e le f  and .Jay
(1971) a t t r i b u te d  th e  high h y d ra tio n  c a p a c ity  o f s h r ia p  aus­
c l e  to  i t s  h igh  f r e e  amino a c id  c o n te n t .  A lte ra t io n s  in  
co n c e n tra tio n  o f c e r t a in  amino a c id s ,  e . g . ,  g ly c in e , could  
ad v erse ly  a f f e c t  t a s t e ,  r e s u l t in g  in  b i t t e r n e s s  (C a rro ll  e t  
a l . ,  1968).
l i p i d  and F a tty  A cids
F lavo rs produced by co o lin g  aay be co n s id e red  to  be th e  
r e s u l t s  o f c h e a ic a l  r e a c t io n s  brought abou t du rin g  th e  h e a t­
in g  p ro c e s s . In  a  raw f o o d s tu f f ,  e . g . ,  s h r ia p ,  which develops 
d e s ira b le  f la v o r  on c o o lin g , a compound, o r  compounds, must 
be p re se n t which undergo c h e a ic a l  r e a c t io n  du rin g  p ro cess­
in g .  These compounds have been  te ra e d  " f la v o r  p re c u rso rs"  
(Bohan, 1971). The a o s t w idely  recogn ized  c o n tr ib u t io n  of 
l i p i d s  to  f la v o r  i s  i n  t h i s  c a te g o ry . The compounds fo rned  
from l i p i d s  aay be r e a d i ly  v o la t i l i z e d  and have ap p re c ia b le  
o d o rs , fo r  example, low er a o le c u la r  w eight a l i p h a t i c  a ld eh -
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ydes, k e to n es, and f a t t y  a c id s  (F o rss , 1965*). Formic, 
a c e t i c ,  and p ro p io n ic  a c id s  a re  so u r , bu t so u rn ess  d ec reases  
a s  ch a in  le n g th  in c re a s e s  (Pangborn, 1963). L ip id s  of lov  
v o l a t i l i t y  (above CIO) a re  t a s t e l e s s  and la c k  a so u r, 
sw ee t, b i t t e r ,  and s a l ty  r e a c t io n ,  p a r t ly  due to  th e i r  in s o ­
l u b i l i t y  in  w ater. F atty  a c id s  o f low v o l a t i l i t y  have been 
d esc rib ed  a s  " c a n d le i ik e ” , and g ly c e ro l formed from hydro­
l y s i s  of l i p i d s  was found to  t a s t e  sw eet (F o rss , 1969)• 
L ip id s in f lu e n c e  th e  p h y s ic a l s t a t e  o f food, which a f f e c t s  
th e  movement of compounds o f th e  t a s t e  and odor r e c e p to r s ,  
i . e . ,  p rim arily  t a s t e  buds (F o rs s , 1969).
G enera lly , th e  f la v o r  p o te n t i a l  i s  much s tro n g e r  in  an 
agueous (lipophobic) than in  an o i ly  ( l ip o p h il ic )  medium. 
This d if fe re n c e  between agueous and o i ly  medium aay a lso  
depend on th e  p o la r i ty  o f  th e  p a r t i c u la r  f la v o r  compounds 
(K in se lla  e t  a l . ,  1977). Thus, accord ing  to  F o rss (1969), 
su b stan ces of low p o l a r i t y ,  i . e . ,  long chain  f a t t y  a c id s , 
have lov  f la v o r  th re s h o ld s  in  agueous medium and high ones 
in  o i l ,  w hereas, more p o la r  su b s ta n c e s , i . e . ,  s h o r t  chain  
f a t t y  a c id s ,  have lo v e r  f la v o r  th re sh o ld s  in  o i l  and h igher 
ones in  w ater.
A compound, l-o c te n -3 -o n e , re sp o n s ib le  fo r  a  m e ta l l ic  
f la v o r  i n  many f a t ty  foods (S ta rk  e t  a l . ,  1967), may be r e s ­
p o n sib le  f o r  a  f i f t h  t a s t e  which i s  a t t r ib u te d  to  th e  p re s ­
ence o f in o rg a n ic  s a l t s  of i r o n  and co p p e r. These m etals
o f te n  c a ta ly z e  l i p i d  hreakdovn, and aay cause l i p i d  ox ida­
t io n  in  th e  mouth and fo rm atio n  o f l-o c te n -3 -o n e . fo rm ic , 
a c e t i c ,  and p ro p io n ic  a c id s  t a s te  a c id  and so u r , but th e se  
senso ry  c h a r a c te r i s t i c s  d im in ish  a s  th e  ch a in  le n g th  
in c re a s e s .  Xhe peppery t a s t e  o f b lu e  cheese has been a t t r i ­
buted to  b u ty r ic ,  h ex an o ic , and o c tan o ic  a c id s  (Day, 1967).
S u cc in ic  a c id  has a 'm ea ty ' t a s t e  in  s h e l l f i s h .  H ashi- 
moto (1964) noted  th a t  the  disodium  s a l t  can be used a s  a 
f la v o r  a d d i t iv e ,  b u t t h a t  i t s  a p p l ic a tio n  i s  f a r  more lim ­
i t e d  th an  monosodium g lu tam ate . An ex cess  of disodium  s a l t  
w i l l  im part an o v erly  s tro n g , n o t e n t i r e ly  d e s i r a b le ,  t a s te  
to  s h e l l f i s h .  f le l i ig  e t  a l .  (1959) rep o rted  a c o r r e la t io n  
betueen s u c c in a te  c o n c e n tra tio n  and an o v e ra l l  senso ry  e v a l­
u a tio n  in  th e  f l e s h  o f  tu n a .
I t  i s  e s ta b l is h e d  th a t  r a n c id i ty  i s  one o f  th e  major 
problems encoun tered  du ring  s to ra g e  o f  f i s h e r y  p ro d u cts  
(Love and Mackey, 1962). O xidative  r a n c id i ty  i s  b e liev e d  
to  be caused by a v a r ie ty  of carbony l compounds produced 
during  r e a c t io n  o f  oxygen v i th  p o ly u n sa tu ra ted  f a t t y  ac id  
(Montgomery and bay, 1965) .  In  a d d i t io n  to  th e  problem of 
r a n c id i ty ,  o x id ized  l i p i d s  i n t e r a c t  Hith p ro te in s ,  causing  
u n d es ira b le  changes in  n u t r i t i o n a l  and fu n c tio n a l  p ro p e r t ie s  
as v e i l  a s  in  te x tu re  (Shenouda, 1980) .  I t  has been demons­
t r a t e d  th a t  during  fro z e n  s to r a g e ,  the  p roduct o f  l i p i d  o x i­
d a tio n  re n d e rs  th e  f i s h  t i s s u e  p ro te in s  in to  h a rd e r , more 
e l a s t i c ,  in so lu b le  com plexes (Takana, 1974). Loss o f  spe­
c i f i c  anino a c id s  such  as  c y s te in e ,  ly s in e ,  h i s t i d in e ,  and
m ethionine caused toy p e ro x id iz ed  l i p i d s  have been rep o rted  
(fioubal and T appel, 1966).
£ o ttia o  e t  a l .  (1979) s tu d ie d  th e  f a t ty  ac id  s t a b i l i t y  of 
Gulf sh r ia p  during  ic e d  (0-18 days) and fro zen  (0-183 days) 
s to ra g e . They d e te ra in e d  th e  d if fe re n c e  between f a t t y  ac id  
c o a p o s itio n  toy c a lc u la t in g  th e  d is ta n c e , D v a lu e , between 
s e t s  of d a ta  acco rd ing  to e a r l i e r  work (fio ttin o  e t  a l . ,
1974) • The D value was c a lc u la te d  hy th e  form ula as fo llo w :
Bin - IgPii - fii. M
where Ojh in  th e  degree of d if fe re n c e  between th e  j t h  and 
h th  s p e c ie s  and P|j i s  th e  p ercen tage  o f th e  t o t a l  f a t ty  
a c id s  in  th e  j t h  s p e c ie s . B o ttin o  e t  a l .  (1979) shoved th a t  
d is ta n c e  D value between th e  f a t t y  a c id  c o a p o s itio n  a t  0 and 
18 days of i c e  s to ra g e  was 3 .0 .  The D v a lu e , 3 .0 , i s  as 
s n a i l  as th e  d is ta n c e  between two id e n t i c a l  sa a p le  analyzed 
c o n se c u tiv e ly . The D v a lu e s  f o r  th e  fro zen  and f ro z e n -  
g lazed  sam ples between 0 and 183 days of fro zen  s to ra g e  were 
5 .7  and 4 .? ,  r e s p e c t iv e ly .  Again th e s e  values shoved th a t  
th e  f a t t y  a c id  c o a p o s itio n  between th e  sam ples from 0 and 
183 days was n o t s ig n i f i c a n t ly  d i f f e r e n t .  x t  was concluded 
t h a t  o x id a tiv e  d e te r io r a t io n  o f s h r ia p  f a t ty  a c id s  d id  no t 
occur to  a m easurable e x te n t  a f t e r  18 days o f i c e  s to ra g e  or 
183 days o f  f ro z e n  s to r a g e ,  w ith o r w ithou t g la z in g .
fieddy e t  a l .  (1981) re p o r te d  th e  e f f e c t s  of f re e z in g  and 
packag ing , i . e . ,  vaccum-packaged in  ic e  b lo ck , on th e  ox ida­
t i o n  of f a t ty  a c id s  and r a n c id i ty  development in  fre sh w ate r  
prawn. I  he f a t ty  a c id s , e s p e c ia l ly  unsatu  ra te d  ones, 
decreased  s ig n i f i c a n t ly  (P < 0.05) during fro zen  s to ra g e  fo r  
6 months a t  -18  C, re g a rd le s s  of th e  packaging p rocedures 
employed. The f a t ty  a c id s  reduced  to  th e  g r e a te s t  e x te n t 
were C 16:1, C18:1, and C22: 1. These r e s u l t s  a re  in  ag ree­
ment of th e  d a ta  from s tu d ie s  w ith  fro zen  salmon and h a l ib u t  
(B otta and fiich a rd s , 1973) and cooked minced ca rp  (Mai and 
K in s e lla , 1979), b u t do no t ag ree  with d a ta  on m arine brown 
shrim p (B o ttin o  e t  a l . ,  1979). N ev e rth e less , th e  fre sh w ate r 
prawns, s tu d ie d  by Beddy e t  a l . , (1981) showed a low ra n c id ­
i t y  sc o re  and TB1 number, r e g a rd le s s  o f packaging p rocedures 
employed. These d a ta  in d ic a te d  th a t  o x id a tio n  o f  f a t ty  
a c id s  was no t e x te n s iv e , and th u s  th e  prawns d id  no t develop 
an unaccep tab le  ra n c id  f la v o r  i r r e s p e c t iv e  of th e  packaging 
c o n d itio n s  and methods used.
MATERIALS AND METHODS
The o v e ra l l  in v e s t ig a t io n  i s  composed of s tu d ie s  of b io -  
c h e n ic a l and u l t r a s t r u c tu r a l  changes in  shrim p during  ic e  
and fro zen  s to ra g e . C o r re la t io n s  between u l t r a s t r u c t u r a l -  
biochem ical changes and senso ry  g u a l i ty  have been examined, 
wherein th e  v a r ia b le s  considered  c o n s is te d  o f f r e e  amino 
a c id s ,  f a t ty  a c id  com position , and p ro te in  e x t r a c t a b i l i t y .  
The fo llow ing  o u t l in e s  the  g e n e ra l methodology used .
H andling and P ro cessin g  of Samples
The penaeid  shrim p u t i l i z e d  were from th e  G ulf o f Mexico 
and from a g u a c u ltu re  ponds a t  th e  Texas ASM M aricu ltu re  
f a c i l i t i e s  in  Saytown, Texas. These com prised two sp e c ie s , 
P. s t v l i r o s t r i s  and £ . s e t i f e r u s . The so ecy , P . s t y l i r o s t r i s  
was ra is e d  in  0. 1 ha ponds w ith  two commmercial d i e t s ,  based 
on fo rm u la tio n  developed by R alston  P urina  (Marine n a tio n  
20 , ” P”) and C e n tra l Soya (M aster Mix Shrimp D ie t , "S") Com­
p an ie s . t ih i te  shrim p, £• se ty .fey u s. was c o l le c te d  o f f  com­
m erc ia l shrim p v e s s e l  from th e  Gulf o f  Mexico ("G "). The 
shrim p were ic ed  and tr a n s p o r te d  im m ediately  a f t e r  pu rchase  
o r  h a rv e s t to  th e  Pood S cience  Departm ent a t  L ou isiana  S ta te  
U n i v e r s i t y . T h e  i n i t i a l  s h r ia p  were co n s id ered  as  0 day 
ic e d  specim ens. T issue  from th e  abdom inal a u s c le  o f  l i v e  
shrim p, P. s e t i f e r u s .  from t r a w le r s  was used a s  a c o n tro l  
fo r  th e  f in e  s t r u c tu r e  study  to  in s u re  th a t  th e  a u sc le  was
re p re s e n ta t iv e  of t h a t  o f f r e s h  s h r ia p .
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The sh r ia p  were beheaded and washed in  ic e -w a te r , fo llo w ­
ing  which th e  deheaded specim ens were packaged in  po lye thy ­
le n e  hags (10-12 c o a n ts , approxim ately  155-160 g ) • A fte r 
th e  sh r ia p  had been s to re d  fo r  0, 10 and 20 days in  i c e ,  the 
ic e d  sh r ia p  w ith d i i f e r e n t  p e rio d s  were fro zen  a t  -20 C fo r 
2 and 6 months s to r a g e  p e r io d s . The ic ed  s h r ia p ,  s to re d  in
re g u la r  sty ro foam , i c e  c h e s ts ,  were kep t in  a r e f r ig e r a te d
co ld  room a t  5 C. The fro z e n  samples were g lazed  w ith  ic e  
water a f t e r  24 hours f re e z in g  a t  -20 C to  p rev en t dehydra­
t io n  during  th e  s to ra g e  p e r io d . Samples fo r  a n a ly s is  were
taken  a t  0, 10, 20 and 30 days to  s tu d y  th e  e f f e c t  o f ic e
s to ra g e  on p roduct q u a l i ty .  S ince sh r ia p  a re  u su a lly  s to re d  
in  c o a a e rc ia l  p r a c t ic e  f o r  s i r  months, th e  s h r ia p  sam ples 
were analyzed a t  2 and 6 months to  in v e s t ig a te  th e  e f f e c t  o f 
f ro zen  s to ra g e  on th e  p ro d u c t.
Samples A nalysis
Sensory Evaluation
A ll sensory  e v a lu a t io n s  were c a r r ie d  o u t using  th e  p roce­
d u res  of A aerine e t  a l .  (1965). D e sc rip tiv e  a n a ly s is  t e s t s  
were used f o r  th e  s tu d y . The d e s c r ip t io n s  of f la v o r  and 
aroaa n o te s  used were d e sc rib e d  by Sdaunds and L i l la r d  
(1979) and a re  g iven  in  Appendix T ab le  4 . The panel of 
ju d g es com prised s t a f f  a e a b e rs  and g rad u a te  s tu d e n ts  of the 
Pood Science D ep a rta en t. The p a n e l is t s  were s e le c te d  and 
t r a in e d  accord ing  to  A aerine e t  a l .  (1965) to  t a s t e  sh riap  
and th e  d e s c r ip t iv e  term s used were c l a r i f i e d  through d is ­
cu ssio n s  b e fo re  th e  a c tu a l  experim ent s ta r t e d
frozen  s t r in g  were tbaved  a t  room tem peratu re  u n t i l  read* 
i l y  se p a ra te d  from th e  ic e  b lo c k f u su a lly  w ith in  3-4  h o u rs . 
The shrim p were b o ile d  fo r  1 m inute, fo llow ing  which, they 
were kep t in  w ater f o r  th re e  m inutes, d ra in e d , c u t  in to  
2 -2 .b  cm p o r tio n s  , washed with co ld  w a te r, and p laced  on 
coded d ish e s  . A ll  sam ples were p resen ted  randomly to  
judges in  in d iv id u a l  b o o th s, and th e  same p a n e l i s t s  were 
used throughout th e  s tu d y .
The sc o rin g  form s used fo r  th e  senso ry  e v a lu a tio n  a re  
shown in  Appendix T able 1b. The resp o n ses  of th e  p a n e l i s t s  
were assigned  num erical v a lu e s , whereas M1” in d ic a te d  "not 
p re se n t"  and "b" d e s ig n a te d  "s tro n g  aroma and t a s t e " .  Tex­
tu r e  was r a te d  as "1" fo r  "nashy" and 9 f o r  "ex trem ely  
to u g h ". O v e ra ll aroma, t a s t e ,  te x tu re  and a c c e p ta b i l i ty  
were r a te d  by hedonic s c a le ,  where "1" in d ic a te s  "unaccep ta­
b le "  and 9 in d ic a te d  " e x c e l le n t" .  Samples iced  f o r  30 days 
were no t p re sen ted  to  th e  p an e l due to  t h e i r  s tro n g  undesi­
r a b le  sensory  g u a l i t i e s .  N ev e rth e le ss , th e se  sam ples were 
analyzed chem ically  to  m onitor th e  e f f e c t  of ic e  s to rag e  
a f t e r  prolonged 30 day s to ra g e .
Exam ination s£  T&il SSSZje &&£
Samples were ta k en  from th e  back o f th e  shrim p t a i l  from 
th e  t h i r d  abdominal segment as  i l l u s t r a t e d  in  F ig u re  1. The 
sam ples were c o l le c te d  from l iv e  shrim p, 20 days ic ed  and 6
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F ig u re  1
so u th s  frozen  shrim p. Each specim en of shrimp t i s s u e s  was 
s l i c e d  in to  3-4 an in  s iz e ,  in  th e  f ix a t iv e  2.591 g lu ta r a l -  
dehyde (bu ffered  in  0 .1  M sodium cacodyl a t e ,  pH 7 .4 ) .  T is­
su e s  were f ix e d  fo r  40 n in  and th e  sh r in p  t i s s u e  were cu t
i n t o  to  0 .5  an s iz e .  The c o n p le te  t i s s u e  p re p a ra t io n  proce­
dure i s  o u tlin e d  in  d e t a i l  in  Appendix Table 5. Primacy 
f ix a t io n  c o n s is te d  o f  2 hours a t  5 C, fo llow ed by ex te n s iv e  
washing in  co ld  ca c o d y la te  b u f fe r .  T issu es  were p o s t- f ix e d  
in  191 osn iun  te tra o x id e  f o r  90 a in , with subsequent dehydra­
t io n  in  a lc o h o l .  Dehydrated t i s s u e  was enbedded in  Epon 
812. A IK it Bronua U ltram ic ro to ae  was used to  p repare  th ic k  
and s i l v e r  s e c t io n s .  The th ic k  s e c t io n s  were s ta in e d  w ith 
to lu d in e  b lu e  fo r  l i g h t  m icroscope o b se rv a tio n  and o r ie n ta ­
t io n ,  w hile th e  s i l v e r  s e c t io n s  were s ta in e d  w ith le a d  
c i t r a t e  and u ran y l a c e ta te  fo r  e le c tro n  a ic roscope  examina­
t io n .  A com parison was made o f numerous m icrographs from 
r e p re s e n ta t iv e  shrim p t a i l  muscle from l i v e ,  20 days ic e d  
and 6 months f ro z e n . Specimen measurements of sa rc o a e re  
le n g th , A-band, 1-band , H-zone and th ic k n e ss  of th e  f i l a ­
ments were performed on th e  m icrographs of th e  various sam­
p le s  from l i v e  shrim p, 20 days ic e d , and 6 months frozen
s to r a g e . .
£*ee ftaiaa Asi4s p e tq  rm inatjgn
E ighteen  grams (v e t w eight) o f shrim p t i s s u e  were 
blended (G alax ie  o s t e r i z e r  b le n d e r , O s te r  Corp.) w ith 240 ml 
w ater f o r  one m inute. The blended m ix ture was d i lu te d  to  a
volume o f 300 a l  and c e n tr ifu g e d  (S o rv a ll BC2-B) fo r  25 nin 
a t  10,000 EPH. Two hundred and f i f t y  a l  o f 9531 ETOH were 
added to  50 mi of su p e rn a ta n t and th e  r e s u l t in g  s o lu t io n , 
d es ig n a ted  "A", vas r e f r ig e r a te d  o v e rn ig h t a t  4-5  C. Sim i­
l a r l y ,  50 a l  o f £10U was added to  50 a l  of d r ip  lo s s  p lu s  
w ate r, used f o r  g la z in g  o f the fro zen  s h r ia p ,  and th e  
r e s u l t in g  s o lu t io n ,  MBH, was r e f r ig e r a te d  o v e rn ig h t a t 4-5 
C.
The au sc le  t is s u e  s o lu t io n  “ A" and d r ip  so lu t io n  "B" were 
c e n tr ifu g e d  a t  10,000 EPH f o r  15 a in . A 100 a l  a l ig u o t  of 
th e  su p e rn a ta n t was d r ie d  on a ro ta ry  ev ap o ra to r (Buchii 
Hodel a ,  B rinhaan In s tru m e n ts , Hestbury) - A fte r resu sp en ­
s io n  of th e  d r ie d  s a a p le s  in  10 a l  c i t r a t e  b u f fe r ,  pH 2 .2 , 
they  were analyzed  using a Becknan Hodel 116 Anino Acid Ana­
ly z e r  (Becknan I n s t r u a e n t s ) .
I d t t y  Acids &naj.ysj.s
S h riap  chosen randomly iro n  0, 10, 20, 30 days i c e ,  and 2 
and 6 months f ro z e n  s to ra g e  were a inced  w ith s c i s s o r s .  The 
minced sh r ia p  f ro a  i c e  and fro zen  s to ra g e  were e x tra c te d  
w ith  ch lo roform , a e th a n o l and w ater accord ing  to  th e  method 
of Folch e t  a l .  {1957} a s  a o d if ie d  (see Appendix t a b le  6 ) .  
Following phase s e p a r a t io n ,  th e  chloroform  p o r tio n  was 
reco v ered  and ev ap o ra ted  to  <10 a l  in  a ro ta ry  e v a p o ra to r . 
An a l ig u o t  of e x tra c te d  l i p i d s  was s a p o n if ie d  and e s t e r i f i e d  
w ith  b o r o n t r i f lu o r id e ,  a e th a n o l , and benzene (H orrison and 
S a i th ,  1964). She r e s u l t in g  a e th y l e s t e r s  were d rie d  in
Ha_SO_ and analyzed  using  g a s - l iq u id  ch ro aa to g rap h y . A P er- 
k in -E la e r  900 gas ch ronatograph  (FID) with SP 4100 In te g ra ­
to r  was used fo r  a n a ly se s  o f  th e  f a t t y  a c id  c o a p o s itio n . 
The procedure f o r  t h i s  p o r tio n  of the a n a ly t ic a l  in v e s t ig a ­
t io n  i s  given m  Appendix Table 7 .
P ro te in  E x tr a c ta b i l i ty  and n itro g e n  D e te rn in a tio n
Eighteen grans o f s h r ia p  a u s c le  were blended (G alaxie 
O s te r iz e r  b le n d e r . Os t e r  Corp.) with 240 a l  w ater fo r  1 win, 
subsequen tly  d i lu te d  to  a volune of 300 a l ,  and c e n tr ifu g e d  
a t  10,000 fiPH fo r  lb a in . The su p e rn a ta n t was used to  d e t-  
e ra in e  c o n c e n tra t io n s  of n i tro g e n . T o ta l k je ld a h l  n itro g e n  
(TKN) was e s t ia a te d  by d ig e s t io n  of san p le  in  a Technicon 
B lock-D igesto r. P ro te in  e x tra c te d  was e s t ia a te d  by a u l t i -  
p ly in g  TKE by 6 .2 5 . Aanonia was d e te rn in ed  by au to aa ted  
a a a o n ia - s a l ic y ia te  r  e a c tio n  as d esc rib ed  in  th e  H isso u ri 
Autoaated Technico BD/AAIX nethod (G ales and Booth, 1970; 
Appendix Table 8) .
ntasofeialaais&i
f l ic ro b io lo g ic a l s tu d ie s  were done on ic e  s to re d  s h r ia p , 
£ . s e t i f e r u s . f o r  0 , 2 , 6 , 10, and 20 days. S tandard  p la t e  
coun ts were conducted using  a c c e p ta b le  p rocedures (A.O.A.C., 
1900) • A ll n ic ro b io lo g ic a l  e v a lu a tio n  were done i n  d u p lic a ­
t io n  and th e  average v a lu e  r e p o r te d .  The s ta n d a rd  p la te  
count was o b ta ined  using  try p to n e  g lu co se  e x t r a c t  agar 
(D ifco L a b o ra to r ie s , S ig aa  C h ea ica l Co.) in cu b ated  a t  25 C
fo r  48 h o u rs . Counts were averaged  and ex p ressed  as a e ro b ic  
p la te  count per gran a t  3b C (APC/g). B u t te r f i e ld s  phosp­
h a te  b u f fe r ,  pH 7 .2  was used fo r  d i lu t io n  pu rposes.
Skin m ilk a g a r  and t r ib u ty r in  ag a r (Sigma Chemical C o .), 
were used fo r  p r o te o ly t ic  and l i p o l y t i c  b a c te r ia  co u n ts . 
P la te s  were in c u b a te d  a t  2b C fo r  72 hours b e fo re  colony 
e n u a e ra tio n . P ro te o ly s is  and l i p o l y s i s  were reco rd ed  as 
zones o f c le a r in g  a t  th e  p erip h ery  o f th e  c o lo n ie s .
S ta t r s t i c d j ,  iM ± iS i§
Shrimp, P. s e t i f e r u s  and P. s t v l i r o s t r i s . r a is e d  on Con­
ner c i a l  d i e t s .  M arine f ia tio n  20 and M aster Mix S h riap  D ie t , 
were tr e a te d  a s  r e p l i c a t e s  in  th e  s tu d y  o f ic in g  and f re e z ­
in g  e f f e c t s  on s h r ia p  f la v o r  components and senso ry  g u a l i ty .  
A ll g u a n t i ta t iv e  d a ta  ex c ep t XKM and m ic ro b ia l coun ts were 
analyzed w ith  the  s t a t i s t i c a l  a n a ly s is  system , SAS (Barr and 
G oodnight, 1978); a n a ly s is  of v a rian ce  using g en e ra l l in e a r  
model p rocedures and l e a s t  sg u a re  means, p a ire d  com parison 
and D uncan's M u ltip le  Bange T est were perform ed on a l l  
experim en ts . C o rre la tio n  c o e f f ic ie n ts  were a l s o  determ ined .
EESOLIS AMD DISCUSSION
Sensory Q u ality  of Shriap
f a c to r s  th a t  a f f e c t  senso ry  q u a li ty  of sh r ia p  a re  ic in g ,  
f r e e z in g , e f f e c t  o f  ic in g  on th e  f ro z e n  p ro d u c t, and th e  
so u rce  of th e  s h r ia p .  R e su lts  of th e  senso ry  s tu d y  of
s h r ia p  a f fe c te d  Ly th e se  f a c to r s  a r e  p resen ted  in  t h i s  se c ­
t io n .  The f la v o r  components which c o n tr ib u te  to  sensory  
c h a r a c te r i s t i c s  a re  f a t ty  a c id s ,  and f re e  aa ino  ac id  f ro a
sh r ia p  t i s s u e ,  and d r ip  l o s s .  Fine s t r u c tu r e  and p ro te in
e x t r a c ta b i l i t y  d a ta , d escrib ed  h e re , a ls o  g iv e  in s ig h ts  in to  
th e  changes i n  senso ry  q u a l i ty  observed during  ic in g  and 
f re e z in g .
Shriap  were Judged on th e  b a s is  of th e i r  a ro a a , t a s t e ,  
and o v e ra l l  c h a r a c t e r i s t i c s .  Aroaa and t a s t e  f a c to r s  a re  
f u r th e r  c a te g o riz e d  i n  Appendix Table h. As no ted  e a r l i e r ,  
s ix  t r a in e d  p a n e l i s t s  were used fo r  t h i s  sensory  s tu d y .
£ & e c t  o f O rig in  SMiJBM H ayo£
D iffe ren ces  between c u ltu re d  ("pond-ra ised") s h r ia p  ( £. 
s t v l i r o s t r i s  "J?" and **SN) and n a tu ra l ly  o c c u rr in g , "w ild" 
s p e c ie s  ( £ . s e t  i f  qy us "G") a re  shown in  la b le  1. The ove­
r a l l  a ro aa , c o lo r ,  and a c c e p ta b i l i ty  of w ild s h r ia p  scored 
h ig h e r th an  s im i la r  c h a r a c t e r i s t i c s  determ ined  fo r  th e  c u l­
tu re d  specim ens. However, r e s u l t s  do n o t in d ic a te  conclu ­
s iv e ly  th a t  w ild s h r ia p  a re  su p e r io r  to  c u l tu re d  s h r ia p  in
th e  sensory  a s p e c ts  aeasu red . T his aay be a t t r i b u te d  to  two
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Table 1. Mean sensory score*of shrimp, £ .  e e tlfe r u s
sn d ^ t B-tv llr o a tr la . o f  "wild" ana pond-raised o r ig in s .
Ssnsory Q uality  
AROMA1
C h aractsr istie  Shrimp 
Aromatic 
Fishy  
Mushy 
Sulfuryl 
TASTE1
C h aractsristie  Shrimp
Sweet
J u ic in ess
S a lt in e s s
Fishy
Spoilsd
OVERALL EVAXJgATIOH3
Arooa
la s t s
Texture
Color
O verall A ccep tab ility
Source Of Shrimp
3,2* 2 .6* 2.3*
fte-•CM 2 . 0* 2.1*
0 .7 0 .7 0 .6
0 .3 0 .5 0 .3
0 .9 * O.B* 1.3*
2 .5 2 .2 2 .4
l.B l.B 1.9
2 .2 2 .1 2 .0
0 .6 0 .6 0 .6
o.e 0 .6 0 .6
0 .5 0 .5 0 .4
5 . 8* 6 .3* 6 .2 *
6 .6 * 5.9** 5.5*
5.9 5 .2 5 .7
6 .4 6 .0 6 .1
6 .8 * 4 .9 * 5 .2*
6 .1 5 .5 5 .7
abc means in  th e same l in e  bearing no or common 
su perscrip ts are not s ig n if ic a n t ly  d iffe r e n t  (Duncan's 
M ultiple Range T est cUO.05)
n ■ 5b and above
Aroma and Tastei 0 , not present1 0*5* Just recognisable
.  4 , strong 1 5 , very strong
‘Texture* 1 , very s o f t  to  9* very firm
"Overall* 1 , poor to  9 t e x ce lle n t
0 « P. i t i lZ t O i i  from the Oulf o f  Mexico J 
P •  P, atv llroetris en Marine Ration SO D iet (pond-raised) 
8  ■ J ,  e t v l l r o s t r l f  on Master Mis Shrimp Diet
f a c to r s .  f i r s t ,  tiie  sh r ia p  c o b  p r is e  two d i f f e r e n t  s p e c ie s , 
and seco n d ly , th e  sc o re s  g en e ra lly  a re  n o t h ig h ly  s i g n i f i ­
c a n t .  E lsew here, Edmunds and L i l la r d  (1y7yJ re p o rte d  th a t  
c u ltu re d  shrim p, £ . a z te c u s  from th e  E a ls to n  P u rin a  M aricul- 
tu r e  fiesearch F a c i l i ty ,  F lo r id a , a re  a s  good o r b e t t e r  than 
th e  com parable Wild shrim p from the Gulf of Mexico. This i s  
th e  f i r s t  r e p o r t  n o tin g  th a t  c u ltu re d  sam ples a re  eq u a l to , 
or su p e r io r  i n  q u a l i ty ,  to  w ild sh rim p . Xhese shrimp were 
cu ltu re d  using in te n s iv e  feed  and environm ental c o n d itio n s  
d es ig n a ted  to  g ive  maximal growth and teed  converion . Char­
a c t e r i s t i c  shrim p aroma was s ig n i f i c a n t ly  (P < 0.05) and
p o s i t iv e ly  c o r r e la te d  with a l l  o th e r  aroma such as f is h y . 
However, aroaa was n e g a tiv e ly  c o r re la te d  with o v e ra l l  
a c c e p ta b i l i ty .
In  th e  p re s e n t s tu d y  po n d -ra ised  £• s t v l i r o s t r i s  were fed  
w ith  the  Marine H ation  20 d i e t  (MPH) and th e  Master Hix 
Shrimp D ie t The sensory  q u a l i ty  of sh r ia p  on H astre r
Hix Shrimp D iet was judged s u p e r io r  to  s h r ia p  supp lied  
H arine fia tio n  20 d i e t .  However, f u r th e r  re se a rc h  i s  needed 
to  v e rify  th e  e x te n t of d ie ta ry  e f f e c t  on th e  sensory  q u a l­
i t y  o f shrim p. I t  i s  l ik e ly  th a t  m o d ific a tio n  of d i e t s  w il l  
improve the  shrim p f la v o r .  T his i s  notew orthy s in c e  
improvement o f Jflavor has been shown to  command h ig h e r mone­
ta r y  value in  th e  p re s e n t s tu d y . In  view of th e  in c re a s in g  
iw portance of a q u a c u ltu re , th e  use of d i e t s  to  improve 
shrim p f la v o r  aay be econom ically  f e a s ib le .
The s p e c ie s , £ . s e t i f e r u s  and £ . s t v l i r o s t r i s  , fo r  ic e  
s to ra g e  experim en ts , were deheaded, packaged in  po lye thy lene  
hags and p laced in  styrofoam  ic e  c h e s ts  with crushed  ic e .  
S h riap  were sampled a t  0, 10, and 20 d ays, and analyzed fo r  
sensory  g u a l i ty .  f ie s u l ts  a re  given in  Table 2 and F igure  2. 
Aroaa c h a r a c te r i s t i c s  such a s  " f is h y " ,  "aushy", and " s u lfu -  
r y l "  g en e ra lly  show an in c re a s in g  tre n d . S u ifu ry l  aroaa 
s ig n i f ic a n t ly  in c re a se d  f ro n  0 to  20 days iced  s to ra g e  (P < 
0.0b) • There was a g e n e ra l d e c lin e  in  arom atic  odor, sw eet, 
and ju ic y  t a s t e s .  S h rim p -lik e  t a s t e  d ec lin ed  s ig n i f ic a n t ly  
(P < 0.05) .  how ever, s a l t i n e s s ,  f i s h y ,  and s p o ile d  t a s te s  
in c re a se d  w ith  s to ra g e . The r e s u l t s  in d ic a te d  th a t  l o s t  o f  
d e s ira b le  f la v o r  c h a r a c te r i s t i c s  c o r r e la te d  w ith tim e of ic e  
s to ra g e . The d ec rease  in  d e s i r a b i l i t y  was a lso  ev id en t in  
th e  o v e ra l l  drop in  a c c e p ta b i l i ty  (P < 0.05} (F igure 3 ) . 
The o v e ra l l  d e s i r a b i l i t y  o f  ic e d  shrim p was n o t a c ce p tab le  
a f t e r  20 days of s to ra g e  a t  0 c .  In  th e se  experim en ts , th e  
shrim p were covered w ith  s u f f i c i e n t  i c e  during s to ra g e , and 
tem p era tu res  c lo se  to  0 C were m aintained  th roughout the 
t e s t .  In  com m ercial p r a c t ic e  an abundance o f i c e  g e n e ra lly  
i s  no t a v a i la b le ,  and shrim p nay never reach  th e  d e s ire d  
tem pera tu re  of 0 C. F lo re s  and Crawford (1973) n o ted  th a t  
th e  d e s i r a b i l i t y  o f  P a c i f ic  shrim p ( Pandalus io rg a n i ) s ig ­
n i f ic a n t ly  d ec lin e d  (mean sc o re  6 .6 7 -5 .3 0 ) a f t e r  i c e  s to ra g e  
f o r  6 days.
Table 2 . Mean aanapry acoreeof shrimp (£.
a e t l f a r u s  and £ .  s t y l i r o a t r l a i du ring  le a  
s to ra g e .
Sanaory Q uality Diya_In le e Storace
AROMA1 0 - 12- 20
C haracteristic  Shriap 2 .7 2 .6 2 .7
Aromatic 2 .4 2 .2 2 .1
PlShy 0 .5 0 .6 0 .9
Mushy 0 .2 0 .5 0 .4
S u lfu ry l o .6a l . i * b 1. 2b
TASTE1
C haracteristic  Shriap 2.7* 2.3*b 2 . 0b
Sweet 1 .9 1.8 1.6
J u ic in ess 2 .2 2 .0 2 .0
S a lt in e ss 0 .5 0 .6 0 .7
Plshy 0.4* 0 .6*b 0 .9 b
Spoiled 0.14* 0 .5 b 0 .9 b
Texture2 6 .1 6 .1 5 .9
OVERALL EVAUJATIOH3
Aroma 6 .3 6 .2 5 .7
T aste 6 .4 * 5 .7*b 4 .9 b
Texture 6 .5 * 6 .4 * 5 .6b
O dor 6 .9 * 6 . 1b 4.0®
O verall A ccep tab ility 6 . 6* 5.8b 4>*
means in  the same l in e  bearing no or common 
superscrip ts are n ot s ig n if ic a n t ly  d iffe r e n t (Duncan'a 
M ultiple Range T est flUO.05). n« 54 and above
1Aroma and T astei 0 , not prossnti 0 .5 ,  Just recognicable
.  4 , strong* 5 . very strong
'Texture* 1, very s o f t  to  9* very firm
'O veralli l ,  poor to  9 , e x c e lle n t
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Figure 2 . Changes in  sensory a ttr ib u te s  in  shriap  
(£ . s e t lfe r u s  and £ .  s t y l lr o s t r is )  during 
ic e  storage.
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Changes in  sensoxy q u a lity  o f  shrimp, 
£• n etiferu s  and £ .  s t y l lr o s t r l s  (mean 
score values) during ice storage.
Flavor; p an e l s c o re s  f o r  ju ic in e s s  p ro g re ss iv e ly  in  proved 
du ring  th e  f i r s t  4 days o f ic e d  s to ra g e . Dean panel sc o re s  
a t  th e  end of 4 days were s ig n i f i c a n t ly  h ig h er than  those 
observed a f t e r  1 day of ic e  s to ra g e . A fter th e  fo u r th  day 
o f ic in g ,  sc o re s  o f ju ic in e s s  g e n e ra lly  d ec lin ed  to  a le v e l  
which was s ig n i f i c a n t ly  low er than  th a t  found fo r  sh rin p  
s to re d  p r io r  to  4 days du ring  ic in g .  E lsew here, Cheuk e t  
a l .  (1079) re p o r te d  th a t  sh r in p  re ta in e d  i t s  g u a l i ty  up to  
10 days, fo llow ing  which a lo s s  of th e  c h a r a c t e r i s t i c  sweet 
f la v o r  o ccu rred , th e  l a t e r  o f te n  a s so c ia te d  w ith f re sh  
s h r in p . Frou th e  te n th  to  approx im ate ly  16th day, th e  
sh r in p  were s t i l l  o f  a ccep tab le  com mercial q u a l i ty ,  bland in  
f la v o r ,  b u t w ithout pronounced o f f - f l a v o r .  From the  16th 
day on, a pronounced amine odor and o f f - f l a v o r  developed and 
th e  shrim p became unaccep tab le  to th e  p a n e l is t s .  In  con- 
t r a s t ,  i n  th e  p re s e n t  s tu d y , shrim p were judged acce p tab le  
a f t e r  20 days ic e  s to ra g e  a lthough  they  were b land  in  f l a ­
v o r . I t  i s  very l ik e ly  th a t  com m ercial shrimp become unac­
c e p ta b le  p r io r  to  20 days ic e  s to ra g e  due to  poor handling  
p ro ced u res .
T exture
As no ted  p re v io u s ly , th e r e  was a g en e ra l s ig n i f i c a n t  
d e c lin e  (F < 0.05) of o v e ra l l  a c c e p ta b i l i ty  o f th e  shrimp
(F igu re  3 ) , from "good" to  "average" during  ic in g .  T h is  was 
r e la te d  to  te x tu re  s in c e  th e re  was a change in  sh r in p  tex ­
tu r e ,  i . e . ,  m oderately  tough to  s o f t  during i c e  s to ra g e .
O verall te x tu re  r a t in g  was h igh ly  c o r re la te d  K ith o v e ra l l  
a c c e p ta b i l i ty  (r2 =0.8) a s  noted  in  Table 3 . She high c o rre ­
la t io n  between te x tu r e  and o v e ra l l  a c c e p ta b i l i ty  demons- 
t r a te d  th a t  sh rin p  te x tu re  d i r e c t ly  a f f e c t s  th e  o v e ra l l  r a t ­
in g  o f a c c e p ta b i l i ty .  T exture d e te r io ra t io n  du ring  s to ra g e  
can be a t t r i b u te d  to  a com bination o f m ic ro b ia l enzymes, 
e .g . ,  p ro tea se  from  Pseudomonas and endogenous enzymes, 
e . g . ,  c a th ep s iu  D, t r y p s in ,  and chym otrypsin. S ig n if ic a n t  
growth of m icroorganism s i s  p resen ted  in  F igure <1 and Appen­
d ix  F igure  2. The m icroorganism s which produce p ro te a se s  
a re  in  th e  fo llo w in g  genera : Pseudomonas. F lavobacterium .
Ho rax e lla -A c in o b a c te r  . M icrococcus. and Corynebacterium  
(Campbell and B illia m s , 1952; C a r ro l l  e t  a l . , 1968; Cobb e t  
a i . ,  1976). F u r th e r ,  th e  endogenous enzymes a re  s to re d  in  
s u b c e l lu la r  o rg a n e lle s  l ik e  lysosom es ( P i t t ,  197b).
Aroma, t a s t e ,  and o v e ra l l  a c c e p ta b i l i ty  of fro zen  penaeid 
shrim p s to re d  a t  -20 C f o r  2 and 6 months d id  n o t show a 
s ig n i f i c a n t  d e c lin e  acco rd ing  to  s t a t i s t i c a l  a n a ly s is  (Dun­
c a n 's  M u ltip le  flange T e s t, <r=0.05) (Table 4 ) .  However, 
shrim p te x tu re  s ig n i f i c a n t ly  changed ( in c rea sed  toughness; P 
< 0.05) du ring  f ro z e n  s to ra g e  (F igure 5; T able 4 ) .
S ecen tly , Hale and H ate rs  (1981) a ls o  re p o rte d  an in c re a s e  
in  firm ness (30 X) i n  th e  raw sam ples of fre sh w a te r  praw ns,
ro s e n b e ra ii  a f t e r  3 months o f f ro z e n  s to ra g e . The prawns 
were b la s t  fro zen  to  an i n t e r n a l  tem pera tu re  o f  -30 C. The 
fro z en  prawns were g lazed  v ia  d ipping in to  ic e  w ater b e fo re  
being packaged in  5 - pound waxed paper-boxes and s to re d  a t
T able 3 .  C o r r e la t io n  c o e f f i c i e n t  betw een p a l a t a b i l i t y  c h a r a c t e r i s t i c s  in  sen so ry  
s c o re  ( r2 )  o f  penaeid. shrim p.
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OVERALL
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OVERALL
TEXTURE
OVERALL
ACCEPT. COLOR
AROMA
SHRIMPY
AROMA
AROMATIC .71
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OVERALL
AROMA .71 .68 .68
OVERALL
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OVERALL
TEXTURE .43 .47 .60 .70 .73
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F ig u re  4 . P r o te o ly t i c ,  l i p o l y t i c  and a e ro b ic  (APC)
b a c t e r i a l  p o p u la tio n s  o f  P . s e t i f e r u s  s to re d  
in  i c e  f o r  20 days. "
Table 4 . Sensory a ttr ib u tes  o f  penaeid shrinp (£ . s e t ife r u s  
and £ .  s tv llr o str is ) during frosen  storage.
Sensory Q uality Months In Proton Storage
AROMA1 0 2 6
C haracteristic Shrimp 2 .7 2 .6 2 .9
Aromatic 2 .3 2.1 2 .3
Fishy 0 .7 0 .7 0 .7
Mushy 0 .4 0 .3 0 .4
Su lfuryl 0 .9 1 .2 0 .9
TASTE1
C haracteristic  Shrinp 2 .3 2 .3 2 .5
Sweet i . e 1.9 1 .5
J u ic in ess 1.9 2 .3 2 .2
S a lt in e s s O.B 0 .6 0 .5
Fishy 0 .9 0 .6 0 .5
Spoiled 0 .7 0 .4 0 .3
Texture9 5 .6 a 5 .7* 6 .? 1
eVBRAUJVAHJATIOR*
Aroma 6 .2 5 .9 6 .1
T aste 5 .2 5 .7 5 .9
Texture 5 .6 6 .4 6 .5
Color 5 .5 5 .6 5.B
O verall A ccep tab ility 5 .4 5.B 5 .9
naansin the same l in e  bearing no or common 
su perscrip ts are n ot s ig n if ic a n t ly  d iffe r e n t (Duncan's 
M ultiple Range l o s t  * « 0 .0 5 ) . n»5 k  snd above
Vroma and Tastes 0 , not presenti 0 .5 ,  ju s t  recognisable
.  4 , strong! 5* very strong
fe a tu r e s  1, very s o f t  to  9t very firm
^Overalls 1 , poor to  9s e x c e lle n t
Sensory Evaluation Scores (Hedonic Scale 1-9)
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-20 C. Hebb e t  a l .  (197b) re p o r te d  th a t  brown shrimp# P.
az tec u s  # had in c re a se d  m echanical sh e a r  values# i .e .#
*
toughening o t shrim p a f te r  60 days s to ra g e  a t  -20  C. Since 
m ic ro b ia l a c t i v i t y  i s  re ta rd e d  during  fro zen  sto rag e#  p ro ­
t e o ly t i c  enzymes from t is s u e #  e .g # . lysosom es and o th e r 
o rg an e lle s#  p lay  a dominant r o le  in  p ro te in  d eg ra d a tio n . 
However# th e  in c re a s e  in  toughness re p o r te d  in  th e  p re se n t 
study  may be due t o  v a rio u s  r e la te d  f a c to r s  th a t  a f f e c t  te x ­
tu re#  such as th e  p resen ce  o f form aldehyde. The l a t e r  i s  
produced from t r in e  th y  lam ine ox ide # TK AO # through a s p e c if ic  
enzyme THAOase (Amano and yamada# 196b). The enzyme system  
t h a t  reduces THAO to  form aldehyde and d im ethylan ide i s  con­
c e n tra te d  in  th e  shrim p g a s t r o in te s t in a l  t r a c t  (F lo res  and 
Crawford# 1973) • Hose and l ig h tn e r  (I960) re p o rte d  th a t  th e  
t a i l  muscle o r P . s t v l i r o s t r i s  produced form aldehyde in  con­
c e n tr a t io n s  as g re a t as 4-8  ppm- Formaldehyde complexes 
w ith p ro te in#  r e s u l t in g  in  d e c lin e  o f  p ro te in  e x t r a c t a b i l i t y  
and in c re a s e  in  f irm n ess  of shrimp m uscle. Formaldehyde was 
p o s tu la te d  to  b in d  co v a le n tly  to  v a rio u s  fu n c tio n a ls  group 
in  p ro te in#  and hence would cause  a defo rm ation  accompanied 
by c ro s s - l in k in g  between p ro te in  p ep tid e  ch a in s  v ia  methy­
le n e  b rid g es  (Shenouda# 1980). T exture firm n ess  may a ls o  be 
r e la te d  to  f r e e  amino a c id s  and t a t t y  ac ids#  a s  d iscu ssed  
su b se g u en tly . Furtherm ore# d a ta  g iven  on f i n e  s t r u c tu r e  
a n a ly s is  o f ic e d  and frozen  shrim p may a ls o  help  to  ex p la in  
th e  t e x tu r a l  changes observed .
E ffe c t o f  ic ia u  PcioL to  F reezing  on Frozen P roducts
The sehsory  s c o re s  ass ig n ed  to  the two sp e c ie s  o f sh rin p  
f ro z en  fo r  2 and b months, which were i n i t i a l l y  t r e a te d  in  
ic e  s to ra g e  f o r  0 , 10, and 20 days b e fo re  f r e e z in g ,  a re
shown in  T ables 5 and 6 . The te x tu re  of sh r in p  was s i g n i f i ­
c a n tly  d i f f e r e n t  (P < 0.0b) between 0 and 10 days t r e a tn e n t  
in  ic e  s to ra g e  a f t e r  both  2 and 6 nonths frozen  s to ra g e  
(T ables 5 and 6) • O v era ll a c c e p ta b i l i ty  and appearance 
(co lo r) d e te r io ra te d  s ig n i f i c a n t ly  (P < 0.05) f o r  sh rin p  
h e ld  fo r  0 , 10, 20 days in  ic e  s to ra g e . Frozen sh rin p
s to re d  in  ic e  f o r  a s h o r te r  t i n e ,  i . e . ,  0 and 10 days befo re  
f re e z in g  sc o re  h ig h e r , th a t  i s  more d e s ira b le ,  than  those 
s to re d  f o r  lo n g e r p e r io d s  ( e .g . ,  20 days or lo n g e r) .  Thus, 
i t  i s  ap p a ren t ch a t th e  d u ra tio n  of ic e  s to ra g e  p r io r  to  
f re e z in g  s ig n i f i c a n t ly  a f f e c t s  th e  q u a l i ty  of fro zen  shrim p. 
I t  i s  noteworthy t h a t  o v e ra l l  te x tu re  and c o lo r  ace h igh ly  
c o r r e la te d  ( r ,-0 .0 8 )  w ith o v e r a l l  a c c e p ta b i l i ty .  T h ere fo re , 
red u c tio n  o f th e  d u ra tio n , i . e . ,  <10 days, of ic e  s to ra g e
w i l l  improve th e  sensory  q u a l i ty  o t  th e  f i n a l  f ro z en  shrim p 
p ro d u c t. Improvement in  the q u a l i ty  o t f ro z en  sh r in p  was 
r e f le c te d  in  a h igher r e l a t i v e  d o l la r  value (Table 6) .  The 
econom ical a s p e c ts  of improvement o f  th e  fro zen  p roduct by 
reducing  th e  ic e  s to ra g e  p e rio d  w arran ts f u r th e r  co n s id e ra ­
t io n .
Table 5. Mean aenspry scores of peneetd shrimp.
?■ f i t t . t y  « t  *"d E * t y l f ro « t d  » ' f i o i t n  months a lta r  storage in  ic e  fo r  d iffere n t  periods (treatm ents).
Sensory Q uality Treatments (Sava In  Icu)
AROMA1 0 _ 10_ 20
C haracteristic  Shrimp 2 .9 2 .5 2 .3
Aromatic 2 .4 2 .2 1.8
Fishy 0 .3 0.6 1.0
Mushy 0 .2 0 .4 0 .3
Sulfuryl 0 .7 1 .3 1 .4
TASTE1
C haracteristic  Shrimp 2 .7 2 .2 2 .0
Sweet 1.9 2 .0 2 .0
J u ic in ess 2 .2 2 .2 2 .3
S a lt in e ss 0 .6 0 .6 0 .5
Fishy 0 .3 0 .6 0 .9
Spoiled 0 .2 0 .4 0 .7
TEXTURE2 5.8* 5.2b 5.4*1
OVERALL EVALUATION3
Aroma 6 .2 6 .0 5 .4
T aste 6 .4 5-9 5 .0
Texture 6 .6 6 .5 6 .0
Color 7 .0* 5.0b 4 .0°
Overall A ccep tab ility 6 .7 * 6 . 1b 4 .8 °
R ela tive  D ollar Value 4 .8 a 4 . 5 * 2.9b
abe means In the seme l in e  bearing no or common 
superscrip ts ara not s ig n if ic a n t ly  d iffe r e n t (Duncan's 
M ultiple Mange T est * »0 . 05)
Hb 54 end above
1Aroma and T aste• 0 , n ot presenti 5 , Just recognisable
4 , strong) 5 t very strong  
•Textursi 1 . very s o f t  to  9* very firm  
*0v e r a lli  1, poor to  9» e x ce lle n t
Table 6 . Main sensory scores o f  shrinp (P . s e t lfe r u s  
and £• B tv llro tr lB ) frosen 6 months a fte r  
ic e  storage fo r  d iffe r e n t periods (treatm ents).
T reatm ents (Davs In  le e )
AROMA1 0 _12_ 20
C haracteristic  Shrimp 2 .8 2 .7 3 .1
Aromatic 2 .3 2 .2 2 .4
Fishy 0 .7 0 .7 0 .6
Mushy 0 .3 0 .4 0 .3
S u lfu ry l 0 .7 0 .9 0 .9
TASTE1
C h aracteristics  Shrimp 2 .8 2 .1 2 .6
Sweet 1 .9 1 .4 1 .3
J u ic in e ss 2 .2 2 .3 2 .0
S a lt in e ss 0 .5 0 .3 0 .7
Fishy 0 .3 0 .4 0 .8
Spoiled 0 0 .7 0 .4
Texture2 6 .4* 6.1b ,  Jbc 6 .0
OVERALL EVALUATION2
Aroma 6 .0 6 .6 6 .7
T aste 6 .7 5-8 5 .8
Texture 6 .6 6 .6 6 .1
Color 6 .7 * 6 .2* 4.6®
O verall A ccep tab ility 6 .6 * 5.8* 5.6*
R ela tiv e  D o llar  Value 3 .8 2 .9 2 .9
abc means in  the same l in e  bearing no or common 
su perscrip ts are n ot s ig n if ie n a t ly  d iffe r e n t  (Duncan’s  
M ultip le Mange T e a t« -0 .0,5)
N* 54 and above
Vroma and Taste: 0 , not presenti 0 .5 ,  ju s t  recognisable  
_ 4 , strong! 5* very strong
fTexturei 1 , very s o f t  to  9* very f i n  
♦Overalli 1, poor to  9 , ex o e llen t
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Free Amino Acids
She f r e e  amino a c id  c o n c e n tra tio n s  of sh rin p  t a i l  nuscle
(abdomen) and d r ip  io s s  were m easured. The d a ta  p resen ted  
♦
in  th i s  s e c tio n  shows d if fe re n c e s  i n  f r e e  amino a c id  concen­
t r a t i o n s  o f p o n d -rea red  s h r in p  { £ .  s t v i i r o s t r i s  ) and S u lf 
sh rin p  ( £ . s e t r f e r u s ) . w ith th e  e f f e c t s  of d i e t s  (flarine 
fia tion  20 o r  H aste r d i r  Shrimp D ie t ) . The e f f e c t s  o f ic in g  
and freez in g  of shrim p on f r e e  amino ac id  c o n te n ts  were 
em phasized. Data given a lso  a ttem p ts  to  show th e  e f f e c t  of 
d u ra tio n  of ic in g  p r io r  to  f re e z in g  on c o n c e n tra tio n s  o f 
f r e e  amino a c id s . The c o r r e la t io n s  between t r e e  amino ac id  
le v e ls  and senso ry  changes of shrimp under i c e  and frozen 
s to ra g e  a re  a ls o  d is c u s se d . S t a t i s t i c a l  A nalysis o f V ari­
ance fo r  th e  e f f e c t  o f o r ig in s  o t  sh rin p  , i . e . , h a tch , 
ic in g , f re e z in g  and the in te r a c t io n  o f ic in g  and f re e z in g , 
i s  summarized in  Appendiz Table 9 .
tond-R aised  and H iid  Shrimu
Free amino a c id s  have been im p lica ted  in  a f f e c t in g  shrimp 
f la v o r  c h a r a c te r i s t i c s  such  as sw eet and meaty, a s  d iscu ssed  
e a r l i e r  in  the  L i te r a tu r e  Beview s e c t io n .  L evels o f f r e e  
amino a c id s ,  such as p r o l in e ,  g ly c in e , a la n in e , and g lu tam ic 
a c id  may be a l te r e d  due to  v a r io u s  environm ental f a c to r s ,  
e . g . ,  s a l i n i t y  o r d i e t s .  Thus, i t  i s  p o s s ib le  th a t  pond- 
r a is e d  shrim p o f b e t t e r  q u a l i ty  can be o b ta in ed  by m odifying 
th e  environm ent o r  by improvement of d i e t s .  One o f the  
env ironm ental f a c to r s  which in f lu e n c e  f r e e  amino a c id  con­
c e n tr a t io n s  was th e  s a l i n i t y  i t s e l f  (Cobb e t  a l . , 1975).
Free amino a c id s , i . e . ,  g ly c in e , p r o l in e ,  and a la n in e ,
in c re a se d  s ig n i f i c a n t ly  (10-50%) with in c re a se d  s a l i n i t y  o f 
*
e a te r ,  fro n  0 to  50 p p t. However, th e  e f f e c t  of aguacu i- 
t u r a l  d ie t s  on th e  f r e e  amino ac id  le v e ls  o f sh r in p  h as  no t 
been documented in  th e  l i t e r a t u r e .  In  th e  p re se n t s tu d y , £ . 
s t v l i r o s t r i s . was r a is e d  in  two 0.1 Ha. ponds su p p lie d  w ith  
commercial d i e t s  H arine fia tio n  20 and H aste r Hix Shrimp 
D ie t, from two major U.S. fe e d  com panies. The amino ac id  
le v e ls  o f d ie t s  used in  Doth ponds a re  shown in  Table 7, 
and proxim ate a n a ly se s  of th e  d ie t s  a re  re p o rte d  in  Table 8.
The f re e  ammo a c id  c o n c e n tra tio n s  of shrim p from th e  two
ponds (P and S) and th a t  from th e  G ulf o f fiexico (G) were 
measured and d a ta  a re  g iven  in  Tahle 9 .
The mean value of pooled sam ples o f £ . s e t i f e r u s  and P.
c in e ,  and a rg in in e  com prised 90 % of th e  t o t a l  f r e e  amino 
a c id  c o n te n ts . G lycine a lo n e  c o n s is te d  o f 40 % of the t o t a l  
f r e e  amino a c id . The c o n c e n tra t io n s  o f p ro l in e  and g lyc ine  
a r e  noteworthy s in c e  these  have heen rep o rted  to  c o n tr ib u te  
sw eetness to  shrim p (K irim ura e t  a l . ,  1969; S o la s , 1969). 
Penaeus s e t i f e r u s  and £• s t v l i r o s t r i s  on M arine R ation  20 
and H aster Hix Shrimp D ie ts  shoved com parable l e v e l s  of f r e e  
amino a c id s ,  ex c ep t f o r  g ly c in e ,  a la n in e ,  m eth ion ine , and 
h i s t id in e  (F igu re  6 ) .  Shrimp on th e  H aste r  Hix Shrimp D ie t 
had s ig n i f i c a n t ly  (P < 0.05) h ig h e r g ly c in e  le v e ls  than
th o se  on th e  H arine R ation  20 d i e t .  Gulf shrim p co n ta in ed  
s ig n i f i c a n t ly  h igher m ethionine and h i s t id in e  le v e ls  than  do
showed th a t  t a u r in e ,  th re o n in e , p ro l in e , g ly -
T ab le  7 * Amino a c id  c o n te n ts  o f  d i e t s  fe d  to  c u l tu re d  
Bhrimp . s t y l i r o s t r i s .
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D ie ts  .. .  M arine
Amino A cids M aster Mix R a tio n  20
mg /  100 g w t.
ASP 137.73 173 .10
THR 54.88 72.86
SER 122.19 146.90
FRO 140.53 171.19
GLU 304.59 384.04
GLY 214.76 460 .25
ALA 241.45 117.42
VAX 129.52 204.71
MET 5 3 .33 6 0 .9 4
ILE 86.90 147.75
LEU 247.86 265.98
TYR 57.86 345.08
FHE 7 9 .6 4 166.85
LYS 108.59 251 .23
HIS 22.86 28 .28
ARG 9 5 .4 8 228.07
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T ab le  8 . Proximate a n a ly s is  o f  d i e t s  fe d  to  c u l tu re d  
shrimp* IV s t y l i r o s t r i s .
D ie ts
M aster Mix M arine R a tio n  20 
 *   ----------
PROT 25 .9 2 6 .5
PAT 7 .1 8 .8
FIBER 1 .3 3 .1
MOISTURE 6 .4 8 .6
ASH 11 .2 6 .1
Ca 1 .0 2 .2
P 0 .98 1.51
T ab le  9. F re e  amino ac id s  o f  shrim p (P . s e t i f e r u s  and 
P . s t v l i r o s t r i s ] from d i f f e r e n t  o r ig in s .
P . S e t i f e r u s
P . s t v l i r o s t r i s  
Marins . M aster Mix
Amino Acids From G u lf Of Mexico Kation 20D iet Shrimp D ie t
TAU
---- mg A.A./lOO g  shrim p t i s s u e
35-95 **9.^5 65 .41
ASP 12.45 2 .4 2 8 .1 3
THR 373.43 N.A. N.A.
SER 4 0 .9 3 N.A. N.A.
PRO 173.69 177.17 182.80
GLU 35 .84 35.41 47 .69
GLY 5 2 4 .85a 786 . 096 1548.78b
ALA 154 .4 l a 285.85* 113 .48a
YAL 86 .14 60 .6 5 17.14
MET 5 8 .5 6 a 21 .62b 35.49*
ILE 37.01 24 .04 27.37
LEU 43.58 36.49 32.96
TYR 68.97 22 .45 10.81
FHE 29.97 22 .4? 22 .52
LYS 48 .88 52 .14 35.89
HIS 3 4 .77a 7 .48* 9 .83*
ARG 296.53 213.26 307.42
Means i n  same l i n e  n o t  t e a r i n g  a  s u p e r s c r ip t  l e t t e r  
o r  t e a r i n g  a  common s u p e r s c r ip t  l e t t e r  a re  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from  Duncan*b M u ltip le
Range T e s t  <6= 0 .0 5 .
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F ig u re  6 .  Mean v a lu e s  (m g/ lOOg shrim p t i s s u e )  o f  
f r e e  amino a c id  c o n c e n tra t io n  o f  shrim p 
t a i l  muBcle from d i f f e r e n t  sources*
G « P . s e t i f e r u s  from th e  G ulf o f  M exico, 
pond~ ra ised  sh rim p, P . s t y l i r o s t r i s  on 
R a ls to n  P u rin a  Marine* R a tio n  20 (P) and 
C e n tra l  Soya Master Mix (S) shrim p d i e t s .
t he  c u ltu re d  specim ens IP < 0 .0 5 ) . n e v e r th e le s s , th e  H arine
B ation 20 -fed  sh r in p  had h ig h e r c o n c e n tra tio n s  of a lan in e  »
th an  P . s e t i f e r u ^ and £ . s t v l i r o s t r i s . R aste r H ix-fed . 
There appears to  he  an in v e rs e  r e la t io n s h ip  between d ie ta ry  
amino ac id  c o n te n ts  and f re e  an ino  a c id  c o n c e n tra tio n s  in  
th e  sh r in p  t i s s u e .  I t  can be concluded th a t  d ie ta ry  form ula­
t io n s  n o tab ly  a z f e c t  f re e  an ino  ac id  c o n c e n tra tio n s  in  
s h r in p . However, f u r th e r  in v e s t ig a t io n  i s  needed to  a s c e r ­
t a in  the e f f e c t  o f such d ie t s  on f r e e  an ino  a c id  le v e ls  
where environm ental f a c to r s  such a s  s a l i n i t y  a re  c a re fu l ly  
n o n ito red .
F ree  Anino Acid Changes During Ic in g
Free anino  a c id  c o n c e n tra t io n s  o f  sh r in p  were neasured  a t 
0 , 10, 20, and 30 days during  i c in g .  The d a ta  a re  shown in  
Table 10. Threonine and a rg in in e  were s ig n i f ic a n t ly  
decreased  (P < 0.05) a f t e r  20 days o f ic e  s to ra g e  (F igure
7 ) .  G lycine (F igure 8 ) , p ro l in e ,  and a la n in e  (F igure 7) 
in c re a se d  s ig n i f i c a n t ly  over th e  30 days s to ra g e  p e rio d  
accord ing  to  Duncan's M u ltip le  Bange T es t (P < 0 .0 5 ) . In  
th e  sane p e rio d , i s o le u c in e ,  le u c in e , and ly s in e  shoved an 
in c re a s in g  tre n d  (F ig u re s  9) .  These d a ta  do n o t  ag ree  w ith 
th a t  fro n  o th e r  in v e s t ig a to r s  who rep o rted  th a t  f r e e  anino 
a c id  co n ten t o f ic e d  sh rin p  g en e ra lly  d ec rease s  du ring  s to ­
rag e  (Vanderzant e t  a l . , 1973; Cobb e t  a l . ,  1973, 1974,
1976; floore and H i te n n i l l e r ,  I9 6 0 ). Vanderzant e t  a l .
(1973) dem onstrated  th a t  th e  r a t e  o f lo s s  o f an ino  a c id s
T ab le  10. E f f e c t  o f  ic e d  s to ra g e  on f r e e  amino a c id  
c o n c e n tra t io n s  o f  shrim p (P . s e t i f e r u s  and 
P . s t v l i r o s t r i s ).
Days Of Ic e  S torage* 
Amino Acid* 0 10 20 30
mg f r e e  amino a c id  p e r  100 g o f  
w et w eigh t shrim p m uscle
TAU 5 4 .4 5 ^ 4 0 .5 4 a 4 ? .8 l a* 98 .52
ASP 4 .3 7
U 7 K
16.89 3 .0 3
THR 5 0 4 .9 la 464 .37* 262 . 23° N.A.
SER 3 7 .8 4 a 57 .34 3 4 .2 8 ° N.A.
PRO 176.8 9 a 1 3 7 .15B 15 4 .0 9 a 474 .93
GLU 44 .0 4 34.71 35.29 67.76
GLY 1098.11 7 3 6 .4 1 a 8 0 4 .6 4 ° 2159.94
ALA 152 . 2 8 6 1 5 3 .95& 2 0 3 .5 2 a 397.58
VAL 27.14 55.68 80.58 41.29
MET 39.87 36.43 35.65 4 5 .2 4
ILE 20 .55 29.31 34.67 43.17
LEU 26.79 36.26 44.86 57.69
TYR 21.06 59 .44 23 .03 IO .89
PHE 19.93 21 .94 29.46 29.57
LYS 31.44 42.76 55.20 77.80
HIS 18.36 18.02 14.79 12.69
ARG 397.20 226.41 222.28 131.24
TOTAL 
( l e s s  THR 
ft SER)
2132.48 1630.75 1799.21 3651.34
means i n  th e  Bame l i n e  n o t  b e a r in g  a  s u p e r s c r ip t  l e t t e r  
o r  b e a r in g  a  common s u p e r s c r ip t  l e t t e r  a re  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  (D uncan 's  M u ltip le  Range T e s t 
cc*0 . 05)
^Mean v a lu es  n=9
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F ig u re  7 . Changes in  f r e e  amino a c id s  o f  shrim p, 
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shrim p du rin g  ic e  (0  C) and f ro  te n  ( -20 c )  
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Figure 9* Changes in  fr e e  anino acids o f  Shrimp, 
P. s e t ife r u s  and P. s ty llr o a tr le  during 
Tee storage (0 C)T
f r o b P . s e t i f e r u s  t a i l  du ring  ic e  s to ra g e  was a f fe c te d  by 
th e  r a te  o f i c e  m e lt. However, in  the  p re se n t re se a rc h , 
anino ac id  le v e ls  were no t a f f e c te d  hy th e  thawed ic e  s in c e  
th e  sh rin p  were packaged in  p o ly e th y len e  hags.
Data in  Xable 10 show th a t  t o t a l  f r e e  anino ac id  le v e ls  
decreased  a f t e r  10 days, in c re a se d  s l i g h t ly  a t  20 d ays, and 
in c re a se d  s ig n i f i c a n t ly  by 30 d ays. P ro lin e , a la n in e , g ly ­
c in e ,  t a u r in e ,  and g lu ta n ic  a c id  d ec lin e d  in  10 days, e le ­
vated s l i g h t ly  a t  20 days, and in c re ase d  s ig n i f ic a n t ly  (P < 
0.05) above th e  i n i t i a l  l e v e l s  a f t e r  30 days ic e  s to ra g e  
(F igures 7-9) . S ince b a c t e r i a l  growth was n o t d e te c te d  dur­
ing th e  i n i t i a l  days o f  ic in g  (F igure 4 ) ,  th e  f r e e  anino 
a c id  le v e ls  probably  were n o t a f fe c te d  s ig n i f i c a n t ly  by pro­
d u c tio n  o f B ic ro b ia l enzymes. In  c o n t r a s t ,  d a ta  given in  
Table 11 in d ic a te  th a t  amino ac id -red u c in g  enzynes th a t  
c a ta ly z e  th e  d eg rad a tio n  of t r e e  amino a c id s , such as  p ro ­
l i n e ,  a la n in e , g ly c in e , ta u r in e ,  and g lu tam ic a c id s  were 
a c t iv e  du ring  f i r s t  10 days o f  ic e  s to ra g e . The a c t iv i ty  o f 
such enzymes in c re a se d  5-10 fo ld  between th e  10 to  30 day 
p e rio d  of ic in g  (Table 11). The s ig n i f i c a n t  in c re a se  of 
enzymes and f r e e  amino a c id s ,  p ro lin e , g ly c in e , ta u r in e ,  and 
g lu tam ic a c id  (P < 0.05) du ring  th e  20 to  30 day p e r io d  o f 
ic e  s to ra g e  i s  caused  mainly by sp o ila g e  b a c te r ia  (F igure 4 
and Appendix F ig u re  2 ) .  I t  has been rep o rted  t h a t  Pseudomo­
nas sp e c ie s  u su a lly  a re  dom inant by 20-30 days i c e  s to ra g e  
(Cobb e t  a l . , 1974).
T ab le  n .  Enzym atic a c t i v i t y  o f  shrim p (P . s e t i f e r u s  and 
P . s t v l i r o s t r i s ) c a lc u la te d ^  from changing amino 
a c id  l e v e l s  d u r in g  i c e  s to r a g e .
Amino A cids
R educing ( - )  and 
P roduc ing  (+) 
Enzymes
Enzym atic A c t iv i ty  mmol/ lOOg day 
0-10 davs 10-20 days 20-30 davs
Tau -1 .1 1 0 +0.418 ♦1.333
T hr -3 .0 3 0 -13 .067 ------
S e r +1.855 -1 .5 1 3 ------
Asp -0 .1 7 5 +1.111 ------
Pro -3 -*33 ♦ 1 .463 ♦27.749
Gly -* 8 .1 8 2 +9.089 ♦95.690
A la +0.186 ♦5.560 ♦23.386
V al +2.436 ♦2 .125 -4 .7 8 8
Glu -0 .4 7 * ♦0.039 ♦1.633
Met - 0.230 -0 .0 5 1 ♦0 .774
l i e +0.668 +0.408 - 0.111
Leu +0 .722 +0.656 +1.268
T yr +2.371 -2 .0 9 8 -0 .2 7 3
Phe +0.080 ♦ 0 .3 5 * -0 .1 7 6
Lys ♦0 .775 ♦0 .851 +3.075
H is - 0 .230 +0.208 -1 .8 4 8
A rg in ase  
(from  a rg in in e )
+ 9 .604 +3.236 ♦9.979
^ C a lc u la tio n  A * (C -  Co)/ t *  where A i s  enzyme 
a c t i v i t y  i n  mmol/ lOOg day, C i s  mmol/ lOOg,
Co i s  mmol/ lOOg a t  t  * 0 .
L eucine, i s o le u c ia e ,  and ly s in e  were found to  in c re a s e  
from 0-30 days i c e  s to ra g e  (F igure  9 ) .  Leucine and ly s in e  
in c re a s e  l in e a r ly  w ith  th e  fo llo w in g  eq u a tio n ;
L eucine: X=.95X ♦ 27
L ysine: Y=1.3X ♦ 30
T his steady  in c re a s e  o f le u c in e  and ly s in e  can be a t t r ib u te d  
i n i t i a l l y  to  endogenous enzymes (Table 11) and to  b a c te r ia l  
enzymes a f t e r  20-day ic ed  s to ra g e  (Figure 4}. Cobb e t  a l .
(1974) re p o r te d  tb a t  c o n s id e ra b le  p r o te o ly t ic  a c t i v i t y  was 
ev id en t in  w hite shrimp a t  11 days ic e  s to r a g e .  S ince th e
in c re a se  of le u c in e  and ly s in e  was c o r r e la te d  w ith tim e of 
i c e  s to ra g e  (r3-  0.9) ,  th e s e  two amino a c id s  may be used a s  
an index of shrim p g u a l i ty .
A rginine c o n c e n tra t io n , shown in  F ig u re  7 , decreased  from 
0-30 days during  i c e  s to ra g e . The a rg in a se  a c t i v i t i e s  
l i s t e d  in  Table 11 showed an in c re a s e  , i . e . ,  3 .2  to  9 .9
mmole/10Og day . The d e c lin e  o t  a rg in in e , and in c re a s e  of 
a rg in a se  a c t i v i t y ,  a r e  s t a t i s t i c a l l y  s ig n i f i c a n t  (P < 
0 .0 5 ) , showing th e  im portance o f endogenous enzymes in  a r g i­
n in e  d e g ra d a tio n . Urea can be produced by a rg in a se  which 
could  then se rv e  as a s u b s t r a te  fo r ammonia p ro d u c tio n . Xeh 
e t  a l .  (1970) h a s  shown th a t  a rg in a se  was p re se n t in  w hite  
shrim p t a i l ,  and t h a t  fo rm ation  of ammonia from a rg in in e  can 
p o te n t ia l ly  ta k e  p la c e  th rough  u rea  v ia  b a c te r i a l  u reases . 
The a c t i v i t y  of a rg in a se  i n  shrim p h a s  been in v e s t ig a te d  by
o th e r  w orkers. According to  Cobb and V anderzant (1971),
a rg in a se  a c t iv i ty  based on measurement o f  a rg in in e  d isa p ­
pearance cou ld  be a f f e c te d  by e i th e r  a rg in in e  p ro d u c tio n , 
p r o te o ly t ic  enzynes, an d /o r th e  decom position o f  th e  a rg i­
n in e  by b a c te r ia l  a c t i v i t y .  Cobb and Vanderzant (1971) 
re p o rte d  t h a t  a rg in a se  a c t i v i t y  in  £ . s e t i f e r u s  was 0.124 
muol/IQOg t i s s u e  p e r day du ring  6 days o f  bag s to ra g e  in  
i c e .  Yeh e t  a i .  (1970) tre a te d  u h ite  s h r ia p  ( P. s e t i f e r u s  
extract with . an a n t i b i o t i c ,  1 % p ro ca in e  p e n i c i l l i n ,  to  
i n h ib i t  b a c te r ia  growth, f ie s u lts  showed evidence of s ig n i ­
f i c a n t  le v e l  of aaaon ia  producing enzynes such as a rg in a s e , 
adenosine d e a a iu a se , and AdP d ean in ase . At a l l  te a p e ra tu re s  
t e s te d ,  Yeh e t  a l .  (1970) re p o rte d  th a t  aanonia p roduction  
by t i s s u e  enzyaes, such a s  a rg in a s e , e t c . ,  f a r  exceeded th a t  
produced by b a c te r ia .  I t  was a ls o  shown th a t  a rg in a se  
a c t iv i ty  was dominant during  th e  f i r s t  14-17 days of ic e  
s to ra g e , fo llow ing  which i t  decreased  with aanon ia  and TVN 
p ro d u c tio n . Amaonxa p ro d u c tio n  was d e te c te d  again when 
m ic ro b ia l a c t iv i ty  in c re a se d  a t  28-34 days during  ic in g .
L igh tner (1974) a ls o  re p o rte d  t h a t  during  th e  f i r s t  phase 
o f s to ra g e  (0-20 d a y s ) ,  the s h r ia p  a u sc le  was decoaposed by 
endogenous enzyaes. T h e re fo re , th e  in c re a se  of enzyaes 
(Table 11) to g e th e r  w ith  co n cu rren t in c re a se  i n  a ic r o b ia l  
a c t iv i ty  during  i c e  s to ra g e  (Table 4) support th e  observa­
t io n s  o f Yeh e t  a l .  (1978) t h a t  both  th e  s h r ia p  t i s s u e  a r g i­
nase  and th a t  o f  a i c r o b ia l  o r ig in  p lay im p o rtan t r o le s  in  
a rg in in e  d e g ra d a tio n .
Although i t  i s  very d i f f i c u l t  to  c o r r e la te  b io c h e a ic a l
changes w ith s p e c i f ic  senso ry  fa c to rs #  th e  decreased  le v e ls  
o f f re e  aaino a c id s  f ro a  0-20 days ic ed  s to ra g e  fo llow  a 
g e n e ra l lo s s  in  senso ry  q u a l i ty  seen  in  p rev io u s senso ry  
d a ta  (Table 2) . As e a r ly  a s  1954# S in idu  and H a ji ta  e s ta b ­
l is h e d  a r e la t io n s h ip  between f r e e  aa in o  a c id s  p re se n t and
%
s h r ia p  f la v o r .  The in c re a s e  of TVS during  i c e  s to rage#  
rep o rted  by Cobb e t  a l .  (1973; 1976)# was c o r r e la te d  w ith  a 
s te ad y  d e c lin e  o f  th e  f la v o r  sco re  in  s h r ia p  (Hard e t  a l .#  
1979; Cheuk e t  a l .#  1979).
The in c re a s e  in  f r e e  aa in o  a c id s  re p o r te d  in  th e  p re se n t 
study  was c o r r e la te d  with p ro te o ly s is  and so f te n in g  o f  te x ­
tu r e  (F igure 3 ) . Xhe l a t t e r  aay occur re g a rd le s s  of a ic ro -  
b ia l  sp o ilag e  (Cheuk e t  a l .#  1979). Lee (I960) re p o rte d  the  
e x is te n c e  o f t r y p s in  and ch y n o try p sin  in  th e  hepatopancreas 
of the  fre sh w a te r  prawn# £ . r o s e n te r o i i . C o llag en ases a lso  
were found which degrade th e  c o lla g e n  t r i p l e  h e l ix  o f  sh r ia p  
(Handle e t  a l . # 1964). Xherefore# i t  i s  ap p a ren t th a t  pro­
te o ly t i c  enzyaes such a s  try p s in #  chy n o try p sin  (Lee# 1980)# 
c a th e p s in  (Tappel, 1977)# and c o lla g e n a se s  (Handle e t  a l .#  
1964) p a r t i c ip a t e  in  t e x tu r a l  changes.
F ree  Aaino Acid s  of f ro z e n  S h riap
Free aaino a c id  c o n c e n tra t io n s  o f  s h r ia p  were Measured a t  
0# 2 , and 6 so u th s  in t e r v a l s  du ring  th e  f re e z in g  s tu d y .
Changes a re  given in  Table 12 w ith  s p e c i f ic  f r e e  aaino 
ac id s#  with s ig n i f i c a n t  changes p lo t te d  in  F ig u re s  10 and 
11. A ll of th e  f r e e  aa in o  ac id s#  ex cep t ty ro s in e  decreased
T ab le  12. E f f e c t  o f  f r e e z in g  on f r e e  amino a c id s  
(mean v a lu e s ) in  sh rim p , £ .  s e t i f e r u s  
and P . B t v l i r o s t r i s .
Months In  F rozen  S to ra g e
Amino A cids 0 2 6
TAU
---- mean v a lu es  o f  mg f r e e  amino a c id  p e r
100 g w et w eigh t m uscle —
75 .06  a  3 9 .5 5 15 3 9 .4 6 *
ASP 9 .3 3 3 .7 3 9 .69
THR N.A. 2 1 5 .7 4 a 425.99 _
SER N.A. 2 7 •12 a 4 5 .5 ° v
PRO 2 6 4 .1 4 a 170.96 79.86
GLU 5 3 .3 3 a 34 .98  a* 27 .04
GLY 1663.17 a 7 9 9 .8 2 * 2 8 6 .5 7 *
ALA 255.41 a 200.49 a 8 5 .4 3 *
VAL 51.17 BO. 80 29 .23
MET 39.18 37.40 36.73
ILE 37 .52 25 .34 2 2 .93
LEU 4 4 ,7 3 35 .93 3 0 .23
TYR 16 .15 6 4 .32  v ab
23.89
22.26
PHE 29.04a 18 .57  *
LYS 55*53. 32.50 4 6 .3 3
HIS 21.30
1 6 -93 11 .03
ARG 3 7 9 .9<P 239.67 171.06
TOTAL 2995.42 1806.31 916 .42
ab means i n  th e  same l i n e  n o t  b e a r in g  a  s u p e r s c r ip t  l e t t e r  
or a common s u p e r s c r ip t  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (D u n can 's  M u lt ip le  Range T e s t  0 0 .0 5 )
n=9
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F ig u re  10, E f f e c t  o f  f re e z in g  on f r e e  amino a c id s  
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F ig u re  11. E f fe c t  o f f re e z in g  on f re e  amino ac id s  o f 
shrimpi £ .  s e t l f e r u s  and £ .  s t y l i r o s t r l s .
during  fro zen  s to r a g e .  The d e c lin e  in  g ly c in e  was h ig h ly  
s ig n i f i c a n t  (P < 0 .01) and a la n in e ,  p h e n y la la n in e , and a rg i­
n in e  decreased  s ig n i f i c a n t ly  (P < 0 .0b) (Table 12). These
f r e e  anino a c id  changes nay he a t t r i b u te d  to  endogenous 
enzynes p re s e n t .  A ccording to  Love and B uslenuld in  (1972), 
a c t iv i ty  of p r o te o ly t ic  enzynes during fro zen  s to ra g e  i s  not 
co n p le te ly  a r r e s te d ,  hut r a th e r  r e ta rd e d . D ecreases i n  f r e e  
anino a c id s  nay he a t t r i b u te d  to  r e a c t io n s  o f f r e e  anino 
a c id s  w ith o th e r  c e l l u l a r  components, such a s  form aldehyde 
and f r e e  f a t t y  a c id s  (S ik o rs k i, 197b) . This conplex ing  was 
e v id e n t in  th e  d e c lin e  of p ro te in  e x t r a c t a b i i i t y  shown in  
Table 13. The l a t t e r  has been used to  neasure p ro te in  dena- 
tu r a t io n  and te x tu re  d e te r io r a t io n  during  co ld  s to ra g e  (Con­
n e l l ,  197b; Love and Mackey, 1962). Hhen f r e e  f a t t y  a c id s  
and fo rna ldehyde form a complex w ith p ro te in ,  th e  e x t r a c t ­
a b i i i t y  of n y o l i b r i l l a r  p ro te in  d e c re a se s  (S rk o rsk i, 1976). 
Changes in  n y o f ib r i l l a r  p ro te in  say p a r t ly  e x p la in  th e  
in c re a se d  toughening o f s h r ia p  shown in  th e  sensory  d a ta  
given in  T able 4 .
Glycine i s  r e p o r te d  to  break down to  a e th y la n in e  and a l a ­
n ine  b reaks down to  p ro p io n ic  a c id  (P e d ra ja , 1970). A rgi­
n in e , a s  d isc u sse d  e a r l i e r ,  u l t im a te ly  le ad  to  th e  produc­
t io n  of anaon ia  ( leh  e t  a l . ,  197tt). The p ro d u c ts  o f 
p h en y la lan in e  a r e  nunerous, in c lu d in g  benzoic a c id ,  b en z a l-  
dehyde, p h y la c tic  a c id ,  p h en y lace ta ld eh y d e , p h en y lp ro p io n ic  
a c id ,  and p h e n y le th y la a in e  (P e d ra ja , 1970).
91
T a b l e  1 3 .
Frozen -20 
Months
P ro te in  e x t r a c t a b i i i t y  o f fro z en  shrim p, 
P . s e t i f e r u s  and P . s ty l i r o B tr iB .
C E x tra c ta b le  P ro te in
TKN (ppm) E x t r a c t a b i i i ty
(mg /  lOOg t is s u e )
0
2
6
94o
887
757
9 .5
9 .2
7 .3
The in c re a s e  in  c o n c e n tra t io n s  o f  r e a c ta n t s ,  i . e . ,  ch e n i-  
c a l  sy n th e s ized  i r o n  an ino  a c id s ,  was caused  by i c e  c r y s ta l  
fo rn a tio n  as observed by S ik o rs k i, 1976. Hhen t is s u e  i s  
fro z e n , i n t e r -  and i n t r a - c e l l u l a r  i c e  c r y s t a l s  a re  fo rn ed , 
r e l a t i v e  to  th e  r a t e  of f re e z in g  (Van Hook, 1961) (see 
Appendix F ig u res  3 and 4 ) . At a slow f re e z in g  r a t e ,  th e  
e x te r io r  of th e  c e i l  co o ls  aore ra p id ly  than  th e  i n t e r i o r .  
With a co n tin u o u s d ec rease  in  te n p e ra tu re ,  th e  supercoo led  
e x t r a c e l lu la r  f lu id  reac h es  a c r i t i c a l  te a p e ra tu re  a t  which 
p o in t w ater s e p a ra te s  fro n  th e  s a lu te ,  fo rs in g  e x t r a c e l lu la r  
ic e  c r y s t a l s  (Appendix F ig u re  3; Herynan, 1963) .  Dehydra­
t io n  of p ro te in  n o le c u le s  r e s u l t s  through f re e z in g  by n ig ra -  
t io n  o f h y d ra tio n  w ater n o le c u le s  to  f o r a  ic e  c r y s t a l s  (Zan- 
fo rd , 1973) ■ The d eh y d ra tio n  of p ro te in  n o le c u le s  r e s u l t s  
in  a d is ru p tio n  o f  th e  hydrogen bonding sy s te n  as w ell as 
th e  exposure o f s u r fa c e  re g io n s , hydrophobic o r h y d ro p h ilic , 
of th e  p ro te in  n o le c u le s , and consequen tly  le a v e s  th e s e  
re g io n s  u n p ro tec ted  and v u ln e ra b le  to  d e n a tu ra t i io n  (Levin, 
1974) .
Free anino  a c id  c o n c e n tra t io n s  o f d r ip  lo s s  were neasured  
to  d e te rn in e  whether d r ip  lo s s  s ig n i f i c a n t ly  a f f e c t s  f re e  
aa ino  a c id s .  Q u a n ti ta t iv e  values of th e  f r e e  anino ac id  
c o n te n t of th e  d r ip  d id  no t vary s ig n i f i c a n t ly  du ring  f re e z ­
ing  (Zable 14) • Thus, d r ip  l o s s  d id  n o t c o n tr ib u te  to  th e  
d ec rease  in  f r e e  an ino  a c id  l e v e l s  i n  s h r ia p  t i s s u e .  I t  can 
be concluded th a t  th e  d ec re ase  in  f r e e  an ino  a c id  co n cen tra ­
t io n ,  excep t f o r  ty r o s in e ,  was caused by p ro te in  d en a tu ra -
T ab le  14. F re e  amino a c id  c o n c e n tra t io n s  i n  d r ip  I o b s
(mean v a lu e s )  from p enaeid  shrim p (P . s e t i f e r u s  
and P . s t v l l r o s t r i s ) .
Amino Acid* 2 6
------ mg A. A ./100  g shrim p
TAU 1 2 .6 la 5 .9 ? b
ASP 1 .9 9 a 0 .77b
THR 2 .8 5 a 15.96b
SER 2 .8 8 a 17.75b
FRO 35.05 11.16
GLU 5.39 6 .40
GLY 6 4 .0 5 124.56
ALA 37.47 20.60
VAL 5 .1 5 13.33
MET 4 .1 8 3.40
H E 5 .8 2 3 .3 5
LEU 7 .7 6 5.39
TYR 2 .4 3 3.29
FHE 3 .6 5 3 .1 2
LYS 7.68 7 .0 2
HIS 2 .8 2 2.29
ARG 34.39 28.06
0*Kf>
Means i n  same l i n e  n o t  b e a r in g  a  s u p e r s c r ip t  l e t t e r  o r 
b e a r in g  a  common s u p e r s c r ip t  l e t t e r  a r e  n o t  s ig n i f i c a n t ly  
d i f f e r e n t  from th e  D uncan 's  M u ltip le  Range TeBt «C*0,05.
t io n  as ev idenced  by th e  d ec rease  in  p ro te in  e x t r a c t a b i i i t y  
(Table 13) . P ro te o ly t ic  enzynes such a s  ca th ep s in  (Tappel, 
1977), ammonia-producing enzynes (Cheat e t  a l . ,  1979), 
enzynes iro n  n ic ro o rg a n is a s , e .g .  Pseudonona s p . ,  and anino 
ac id -red u c in g  enzynes (Table 11) a lso  p lay  a r o le  in  anino 
a c id  d eg rad a tio n  d a rin g  f ro z en  s to ra g e . Data iro n  d rip  
l o s s  c o n tr ib u te d  s ig n i f ic a n t ly  to  t r e e  an ino  a c id  d ecrease  
(Table 14 ). The in c re a se  o f ty ro s in e  nas due to  en zy n a tic  
p ro te o ly s is  (F lo res  and C rav fo rd , 1973). T yrosine accuau- 
la te d  i s  u su a lly  o x id iz ed  to  dihdroxyphenyl a la n in e  (DOPA), 
to  o th e r nore h ig h ly  ox id ized  p ro d u ct, and u l t i n a te ly  to  
n e lan in  pigment (Hadero and F inne, 1982).
E ffe c t o f Ic e  S to rag e  P r io r  to  F reezing  on f r e e  Anino Acids 
° l  fEfiZSB £ h £ i£ i>
There a re  many f a c to r s  which a f f e c t  th e  g u a l i ty  of fro zen  
shrim p. The e f f e c t  o f  ic e  s to ra g e  d u ra tio n , p r io r  to  f re e z ­
in g ,  in  th e  sen so ry  g u a lity  o f th e  fro z en  p roduct has been 
in v e s t ig a te d .  h ia z  and Q adri (1979) rep o rte d  th a t  c h i l le d  
s to ra g e  of sh r in p  in  ic e  p r io r  to  f re e z in g  te n d s  to  d ecrease  
th e  g u a l i ty  o f  th e  fro z e n  p ro d u c t. The d a ta  p resen ted  here 
a s c e r ta in  th e  e f f e c t  of s to ra g e  in  ic e  p r io r  to  f re e z in g  on 
changes in  f r e e  amino ac id  c o n c e n tra tio n  in  fro zen  shrim p a t  
-20  C. The f r e e  a a in o  a c id  c o n c e n tra t io n s  of fro zen  shrim p 
a f t e r  ic e  tre a tm en t fo r  0, 10, and 20 days a r e  shown in  
T able 15. l e v e l s  of a la n in e , g ly c in e , and g lu tam ate  a re
g ra p h ic a lly  i l l u s t r a t e d  in  F ig u re s  12, 13 and 14. Ten days
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T ab le  15* Mean v a lu es  o f  f r e e  an ino  a c id  c o n c e n tra t io n  f o r  
6 months f ro z e n  shrim p (£• s e t i f e r u s  and P. 
s t v l i r o s t r i s ) a f t e r  s to ra g e  in  ic e  f o r  d i f f e r e n t  
p e r io d s  ( t r e a tm e n ts ) .
Amino A cids
T rea tm en ts  ( I c e  S to ra g e  I n  Days)
0 10 20
A ./100  g Bhrimp t i s s u e  — ------
TAU 32.10 25.10 61 .16
ASP 1.19 0.60 24 .44
THR 504.91 464.37 308.71
SER 37 .84 5 7 .34 4 1 .4 4
PRO 100.97 76.27 6 2 .3 5
GLU 23 .22 21.05 35.57
GLY 197.20 345.38 317.24
ALA 36.09 69.59 150.63
VAL 15 .14 34.94 37 .63
MET 18.23 46.89 4 5 .0 3
I£E 12.18 29 .24 27.26
LEU 20.47 40.47 46.87
TYR 18.80 17.49 28.87
PHE 11.16 14.36 28 .81
LYS 2 6 .6 5 43 .23 69 .09
HIS 9 .4 6 9 .3 1 14 .33
ARG 346 .13 744.61 9 2 .4 4
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Figure 12. E ffe c t  o f  various periods o f  treatment in ice 
on g lyc in e  le v e ls  at frozen shrimp,
£ .  s e t ife r u s  and £ .  s ty l ir o a tr la .
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Figura 13. E ffe c t  o f  various periods o f ioa  treatment
on Glutamic acid  in  frossn  shrimp, £  sa tifa ru s  
and £ .  s t y l l r o s t r i s .
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fig u r e  14. E ffe c t  o f  various periods o f  treatm ent In lee on 
alan ine le v e ls  in  froaen shrimp.
t r e a tn e a t  in  ic e  p r io r  to  fro zen  s to ra g e  showed lower 
c o n c e n tra tio n s  of a la n in e , g lu tam ic a c id ,  and g ly c in e  i n i ­
t i a l l y .  When s h r ia p  were fro zen  f o r  2 nonths a t  -20 c, 
10-day i c e  trea tm en t showed an in c re a s e  in  a la n in e  and g lu - 
ta n a te .  However, a la n in e  and g lu tam ate  decreased  sh a rp ly  
a f t e r  2 months f ro z en  s to ra g e  (F igures 13 and 14) . Xhe 
decreased  le v e ls  of a la n in e , g lu tam a te , and g ly c in e  in d i ­
ca ted  enzym atrc d eg rad a tio n  of amino a c id s  during  th e  f i r s t  
10 days o f i c e  s to ra g e  as d iscu ssed  p rev io u ly . In  the  sam­
p le s  w ithout ic e  tre a tm e n ts , and th o se  w ith ic e  trea tm en t 
fo r  20 d ays, a la n in e  and g lu tam ate  decreased  during  subse- 
guent frozen , s to ra g e . S h riap  w ithou t tre a tm en t, and those 
tr e a te d  fo r  10 and 20 days in  i c e ,  e x h ib ite d  a d ec rease  in  
f r e e  amino a c id  c o n c e n tra t io n s . G enera lly  a l l  o f th e  f r e e  
amino a c id s  decreased  during  fro zen  s to ra g e , r e g a rd le s s  of 
th e  ic e  trea tm en t.
F a tty  Acid Com position in  Shriap
Xhe most w idely reco g n ized  c o n tr ib u t io n  o f l i p i d s  to  f l a ­
vor i s  t h a t  of " f la v o r  p re c u rs o r s " . Zn raw shrim p which 
develops d e s ira b le  f l a v o r s  upon cook ing , a compound or com­
pounds must be p re se n t which undergo chem ical r e a c t io n  d u r­
ing  p ro ce ss in g . Xhese compounds have been term ed " f la v o r  
p recu rso rs"  (fiohan, 1971). In  the  p re se n t s tu d y , measure­
ments were made o f  changes in  shrim p f a t ty  a c id s  du ring  ic e  
and fro zen  s to ra g e . C o r re la tio n s  between changes in  shrim p 
f a t ty  a c id s  and sensory  d a ta  a re  d isc u sse d . S t a t i s t i c a l
100
A nalysis o f V ariance fo r  th e  e f f e c t  of sou rce  of sh r ia p , 
i c in g ,  f re e z in g  and in te r a c t io n  o f  ic in g  and fre e z in g  i s  
su an arize d  rn  Appendix Table 10.
JB iS iaii E ffe c ts  2n Shrinp  F lavor
Commercial s ir im p  d i e t s  were fed to  th e  pond~raised  
s h r ia p . The p e rcen tag e  o f f a t  in  th e  d ie t s  were a .a  % in  
K arine B ation  20 and 7. 1 A in ’ th a t  f r o a  M aster Mix Shriap  
D ie t (Table 8) .  Xhe f a t t y  a c id  com position  o f th e  Marine 
B ation  20 d ie t  co n ta in e d  high p e rcen tag e s  o f C18:0 (40.21 A) 
and C1U:1 (2b. 67 A), w hile th a t  f ro a  M aster Mix S h riap  D ie t 
co n ta in ed  a h igh  p e rcen tag es  in  C18:1 (40.18 X) and C18:2 
(24.34 X) (Table 16) . According to  B o ttin o  e t  a l . .  (1980)* 
C18:1 and C18:2 f a t t y  a c id s  a re  r e a d i ly  in c o rp o ra te d  in to  
s h r ia p  l i p i d s .
The e f f e c t  o f d ie ta ry  l i p i d  on th e  f a t ty  ac id  co a p o s itio n  
o f th e  s h r ia p  examined i s  shown in  Table 17 and F igure  1b. 
The predom inant t a t t y  a c id s  inc luded  C16:0, C16s1, C18:Q,
C18:1, C18:2, C 20:4, C20:5 and C22:6, and c o a p o s itio n  of
th e se  f a t t y  a c id s  agreed  w ith  B o ttin o  e t  a l .  (1980) and Bead 
(1981). These predoiu.nant f a t t y  a c id s  a re  a l l  e s s e n t i a l  
coapounds fo r  s h r ia p  growth (Kanazawa e t  a l . , 1977; B o ttino  
e t  a l . ,  1980; Bead, 1981).
The in d iv id u a l  f a t t y  a c id  d a ta  (Table 17) show th a t  f a t ty  
a c id s ,  C15:0, C16;1, C17:0, C18:2 and C18:3, f ro a  P. s e t i -  
f e ru s  and P . s t / l i r o s t r i s  a re  s ig n i f i c a n t ly  d i f f e r e n t  (P <
T able 16 . F a t ty  a c id  com position  o f  commercial d i e t s  
fe d  to  pond—r a is e d  shrim p, P . s t y l i r o s t r i s .
F a t ty  A cid
D ie ts
M aster 
Mix Shrimp D ie t
M arine 
R a tio n  20
I 6 s0
---------  *  -
6 .2 5 0 .7 5
l6 ilw 7 2 .0 2 0 .59
17*0 0 .0 5 12.71
18 i O 10.31 4 0 .23
l6 t l« 9 40.38 25.67
I 8 t 2w6 24 .34 —
18 i 3w6 0 .0 0 4 ---------
18 i > 3 1 . 6? 1.88
I8i4w3 3 .1 5 1 .38
20 . 2w6 0 .5 2 -------
20 i 3w6 0 .2 5 -------
20i4w6 2 .06 -------
20t5w3 4 .4 0 9 .6 7
22»4w6 0 .31
22 i 5w6 0 .4 3 ■ -
22»6w3 3.29 7 .1 3
SFA1 16.61 53.69
UF i^MUFA3 42 .40 26.26
FOFA4 40 .9 4 20.06
SFA/tJFA 0 .2 0 1 .1 5
*SFA * S a tu ra te d  F a t ty  A cids 
^OFA * U n sa tu ra te d  F a t ty  A cids 
3mUFA= M onounsaturated F a t ty  A cids 
^PUFA- P o ly u n sa tu ra te d  F a t ty  A cids
Table 17* Fatty acid composition (£) o f shrimp t a i l  
muscle (P . s e t lfe r u s  and £ .  s ty llr o str iB )  
from d iffere n t or ig in s (mean values).
Fat'ty  Acid Souroe Of Shrimp
(PA)
G P S
15t0 1.33a
--- * _
0.51 0.43c
l^ i 0 1.65 1.52 1.26
I6i0 19.26 17.83 13.45
I6ilw ? 6 .3 5 a 3-56b 2.93°
17 iO l .? 6 a 1.03b 0.40®
18 iO 8.67 •8.18 7.59
18>1«9 17.73a 15-94b I2 .02ab
I8i2w6 I6 .83a 13.80b 5.89 c
18»> 3 3 .6 la 0.6?b 0.4? c
18i4w3 1.31 1.13 0.97
20i2w6 0 .56a 0 . 052b 0 .b
20, > 9 2.00 1.50 0.825
20i3w6 1.17 0.05 0.0
20i4w6 9 .5 2 a 6 .35ab 2 .69a
20tjw3 17:3 1 . 14.65 9.86
22i4w6 0 .4 2 a 0 .3 la 0 .28a
22i 5**6 2 .21a 0 .4 lb 0.22b
22i5w3 2.49 0.63 0.57
22«6w3 9-98 6.86 6.25
24.0 0 ,41ab 0 .30a 0 . 05Bb
Saturated  
Fatty AcidB 24.43(M-6)
27.63
(M*10)
29.18
(H*10)
Monounsaturated 
Fatty Acids 22.03(H»6)
22.82
(11*10)
20.14
(N*10)
Polyunsaturated  
Fatty Acids 32.11*(M-6)
43.20a
(N*10)
47.99a
(N*10)
Saturated FA 
Polyunsaturated
9 k 0 .45 0.42 0 .43
*^c Means in  the same l in e  bearing no or common superscripts  
are not s ig n if ic a n t ly  d iffe r e n t (Duncan*■ M ultiple Range 
T est 4 *0 . 05) .  n*9
G ■ P. s e t lfe r u s  from the Gulf o f  Mexico 
p ■ p . s t v l lr o s t r l s  on Marine Ration 20 ehrimp d ie t  
S ■ £ .  s tv llr o s tr T i on Master Mix shrimp d ie t
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Figure 15. Msan va lues ( H )  e t  fa t ty  acid  composition o f  
shrimp t a i l  muscle from d iffe r e n t o r ig in s .
G -  se tlfer u a  from Gulf o f  Mexicoi cultured  
Shrimp. P. s tv l ir o e tr ie  on R alston Purina Ration 10 
(P) and Central soya alaeter Mis shrimp diet (t).
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0.05) .  I t  i s  w e ll reco g n ized  th a t  w ater tem p era tu re , food, 
s ta g e  of developm ent, s e x , se a so n , and photoperiod  a f f e c t  
bo th  the  amount and c o a p o s itio n  of s h r ia p  l i p i d s  (Guary e t  
a l . , iy75; 197b; C olv in , 1976; Kanazawa e t  a l . ,  1977; Bot­
t in o  e t  a l . , I960; 1981). The p o n d -ra ised  £ .  s t v l i r o s t r i s  
was c u l tu re d  f ro a  system s o f r e l a t i v e l y  sane w ater tem pera- 
tu r e ,  s ta g e  o f developm ent, p h o to p e rio d , and seaso n . There­
f o r e ,  d if fe re n c e s  observed a'mong th e  f a t t y  a c id  composi-
t io n s  of P. s t v l i r o s t r i s  on th e  two d i e t s  can he 
a t t r i b u ta b l e  m ainly to  d ie ta ry  d if fe re n c e s .  B o ttin o  e t  a l .  
(1980) showed the s ig n i f i c a n t  e f f e c t  of d ie t  on th e  f a t ty  
ac id s  o f l i p i d s  o f P. s e t i f e r u s . r a i s e d  in  ponds and under 
la b o ra to ry  c o n d itio n s . Evidence o b ta in ed  from th e  p re se n t 
study confirm s the  s ig n i f i c a n t  e f f e c t  of d i e t  on th e  f a t t y  
ac id s  of P. s t v l i r o s t r i s
P a tty  J^cids in  Iced  Shrimp
F a tty  a c id  c o a p o s itio n  was measured in  shrim p ic e d  f o r  0 , 
10, 20, and 30 d ay s (Table 18). The predom inant f a t t y
a c id s ,  and p o s s ib le  pathways o f f a t t y  a c id  e lo n g a tio n  and 
d e s a tu ra t io n , a re  shown in  Appendix F ig u re s  8 -11 . F a tty  
a c id s  C l4 :0 , C16:1, C 18:2, C1U:3, and C22:5 changed s i g n i f i ­
c a n tly  during  th e  30 day ic e d  s to ra g e  p e rio d . F a tty  ac id  
C18:2 decreased  from 10 t o  20 days o f  ic e  s to ra g e . However, 
th e  f a t t y  a c id s  th a t  can be sy n th e s iz ed  f ro a  C l8 :2 , such as 
20:4  (Appendix F ig u re  1 0 ), d id  n o t in c re a s e . A pparently , 
shrim p la ck  enzyme system s fo r  conversion  of C l8:2 to  C20:4
Table 16. Fatty  acid composition {£) in  ice stored
shrimp, P. se tlfe ru s  and £ . stvllroBtris.
Fatly Acid Iced Storaee In Davs
0 10 20 30
I5i0 o.?oa 0 .8 lb
r -  "
0.65c 0 .06d
14,0 1 . 50* 1 .4 lab 1.64a 0.64b
16 iO 20.85' 16.14 15.67 15.23
16i 1w7 4.92* 4.62b 4.24* 2 .44d
17«0 0.96 1.09 O.69 0.63
I81O 9.04 6.30 7.71 6 .B5
18,1*9 15.^3 16.44 15.03 16.78
I8i2w6 I4.59a 11.56* 12.79* 15.06d
18i 3w3 1 .2 la 1.44b 1.28* 0 .77d
18,4*3 0.53 1.93 1.02 0.87
20t2w6 0.25 0.06 0.16 0.00
20,3*9 1.37 1.71 1.10 1.87
20,J*6 1.50 0.00 0.00 0.00
20,4*6 7.21 5.18 5.00 4.14
20,5*3 10.05 16.16 15.79 21.38
22,4*6 0.39 0.30 0.29 0.17
22,5*6 1.36 0.58 0.44 0.24
22>5w3 1.87** o .5 ia 0 .5 0 a 5.67*
22,6*3 6.89 9.23 7.88 7.03
24,0 0 .13 0.31 0.34 0.15
Saturated
(SFA) $ - 8 ?
26.18
(N«8)
25.73
(N-8)
22.93
(H-2)
Mono -  Ufa 21.86(H-B)
22.48
(W-8)
20.91
(H»B)
19.87
(R*2)
Poly -  UFA 40. 05*
(It*B)
43.50**
(H»B)
41.27**
(H-8)
53.07*
(H-2)
SFA/tJFA 0.51 0.40 0.41 0.31
sbcd|,ean8 sune l i n e  b ea rin g  no o r  common
s u p e rs e r ip ts  a re  n o t s ig n if ic a n t ly  d if f e r e n t  (Duncan's 
M u ltip le  Range T e s t <■ 0.05)
UFA * U nsa tu rated  F a tty  Acids
1 0 6
and CIS: 3 to  C20:5 and C22:6 t a t t y  a c id s  (Kanazawa e t  a l . ,  
1977). According to  Bead (1981), P. ^.ndicus stowed a U n ­
i t e d  capac ity  to  e lo n g a te  and d e s a tu ra te  l i n o l e i c  and l in o -  
le n ic  ac id s  to  C2Q and C22. l ik e w is e , s e v e ra l  in v e s t ig a to r s  
(B o ttino  e t  a l . ,  1980; S an d ife r  and Joseph , 1976; C olv in , 
1976) rep o rted  s im i la r  f in d in g s ,  i . e . ,  i n a b i l i t y  o f  shrimp 
to  d e s a tu ra te  an d /o r e lo n g a te  C IS :2 and C l8:3 t a t t y  a c id s  
i n to  lo n g e r-c h a in , no re  un s a tu ra te d  f a t t y  a c id s .  Thus, th e  
d e c lin e  in  C l8 :2 , seen  in  t h i s  study was n o t co n v erted  in to  
p o s s ib le  u n sa tu ra te d  f a t ty  a c id s  w ith lo n g e r carbon  c h a in s . 
The d ecrease  in  C IS :2 in d ic a te d  a u to -o x id a tio n  o f  th e  f a t ty  
a c id s ,  however, th e  e x te n t of a u to -o x id a tio n  was n o t mea- 
su red . Although o x id a tiv e  r a n c id i ty  i s  n o t recogn ized  a s  a 
major problem in  shrim p, ox id ized  l i p i d s  can i n t e r a c t  w ith 
p ro te in ,  causing  u n d e s ira b le  changes in  n u t r i t i o n a l  and 
fu n c tio n a l  p ro p e r t ie s  (Shenouda, 1980). L ikew ise, polyunsa­
tu ra te d  f a t ty  a c id s  can be o x id ized  to  p ro d u cts  such as p ro ­
p an o l, p e n ta n a l , m alanaldehydc, and hexanal (Ke e t  a l . ,  
1976), which cau a c t  a s  f la v o r  p re c u rso rs  in  shrim p. The 
in c re a s e  o f f is h y  odor and and t a s te  du ring  ic in g  (Table 2) 
may be due to  d eg rad a tiv e  p ro d u c ts  of f a t t y  a c id s ,  e .g .  
2 - t r a n s ,4 - c i s ,7 - c i s - d e c a t r i e n a l .  This can be caused by deg­
r a d a t iv e  p ro d u ct c o n c e n tra t io n s  a s  low as  (1.001 % (Hiejboon 
and s t r o in k ,  1972). The r a t i o  o f  s a tu ra te d  f a t t y  a c id s  
(SPA) to  u n sa tu ra te d  t a t t y  a c id s  (OFA) decreased  over th e  30 
day ic ed  s to ra g e  (Table 1 8 ). P o ly u n sa tu ra ted  f a t t y  ac id  
(PUPA) increm en ts f r o a  0 to  30 days i c e  s to ra g e  were s t a t i s ­
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t i c a l l y  s ig n i f i c a n t  (Ouncan*s M u ltip le  fiange l e s t  a£= 0.05). 
The in c re a s e  of PUFA in d ic a te d  th a t  d e s a tu ra tio n  and e lo n g a­
t io n  had taken  p la c e  and th a t  th e  sh r ia p  f le s h  i t s e l f  con­
ta in e d  a n tio x id a n t p r o p e r t ie s .  B a b b itt e t  a l .  (197b) 
dem onstrated  th a t  e th a n o l e x t r a c t  o f s h r ia p  had s tro n g  a n t i -  
o x id a tiv e  p r o p e r t ie s ,  a t t r i b u te d  to  to co p h ero l and a t  l e a s t  
one a d d i t io n a l  conpound (Boyers and L i l l a r d ,  1979).
F a tty  Acids o f  Frozen Shrimp
Changes in  t a t t y  a c id  c o a p o s itio n  o f sh r ia p  s to r e d  a t  -20 
C over th e  s ix  aon th  p e rio d  a re  shown in  Table 19. The per­
cen tage  of s a tu ra te d  and ao n o -u n sa tu ra ted  f a t t y  a c id s  
decreased  s l i g h t ly  a t  2 months and in c re a se d  by 6 months 
s to ra g e . P o ly u n sa tu ra ted  f a t t y  a c id , e s p e c ia l ly  C18:2, 
in c reased  s ig n i f i c a n t ly  (P < 0.05) by 2 months f ro z e n  s to ­
ra g e , and decreased  s ig n i f i c a n t ly  f r o a  2 to  6 aon ths (Dun­
c a n 's  M u ltip le  Han ye T e s t, afi=Q.0b). S ince C18:2 i s  n o t 
converted  to  lo n g e r ch a in  t a t t y  a c id s , such a s  C20:4 (Kana­
zawa e t  a l . ,  1977), C18:2 was p robab ly  o x id ized . fieddy e t
a l .  (1981) shoved ev idence o f  f a t ty  a c id  o x id a tio n  in  f re s h ­
w ater prawn ( g . r o s e n b e ra ii  ) du ring  fro z en  s to r a g e .  They 
re p o r te d  th a t  f a t t y  a c id s , e s p e c ia l ly  u n sa tu ra ted  compounds, 
decreased  s ig n i f i c a n t ly  (P < 0.05) du rin g  fro zen  s to r a g e  fo r  
6 months a t  -18 C, r e g a r d le s s  of th e  packaging procedure 
employed. The r e s u l t s  from th e  p re s e n t study  and th o se  of 
Beddy e t  a l .  (1981) ag ree  with d a ta  from in v e s t ig a t io n s  o f 
fro z en  salmon and h a l ib u t  (B otta and B ich ard s, 1973) ; and
Table 19, Mean values(£) of fa tty  acid composition of
fro  sen shrimp, £. se tlfe ru s  and JP. s ty l l r o s t r i s .
Fatty
Acid
Prosen Storage In Months 
0 2 6
15<0 0 .73a 0 . 13® 0 .96°
14.0 1,62® 1.57b 0 , 96®
16.0 16.76 17.30 18.20
I6ilw7 4.43® 2 . 13b 5.95c
17.0 l ,2 9 a 0.84b
4
0 . 52®
16.0 8 .35 6.92 8.96
1B.1w9 15.9 14.37 16.35
I8 i 2w6 12.90a 17.26* 10.68®
18. > 3 1.42® 0 . 50* 1 .60®
1814w3 0.87 0.72 1.74
20i 2w6 0 . 00® 0 . 00® 0.43*
20i 3w9 1.97 1.29 0.87
20. 3w6 0.00 0.89 0.74
20i4w6 5.01 7.07 5.55
20»5w3 13.46 18.11 13.54
22t4w6 0.23 0.22 0.49
22i 5w6 1.18 0.37 0.48
22t5w3 1.37 2.37 0.56
22i6w3 5.60 8.67 10.25
24.0 0.29 0.16 0.25
SPA 27.43 25.04 29.17
<N«11> (N«6) (N«9)
UPA.MUFA 22. 00al) 17.46a 23.17b
(N *ll) (N-6) (H-9)
PUPA 39.06a 50.42b 4 i.3 9 a
|N"6) (N-9)
SPA/bPA 0.45 0.37 0.45
Means in  the same l in e  not bearing a superscript l e t t e r  
ora common superscrip t l e t t e r  are not s ig n if ic a n t ly  
d iffe r e n tly  (Duncan's M ultiple Range T est s> 0 ,0 5 ). n»9 
SPA ■ Saturated Patty  Aeidi UPA » Unsaturated Patty Acids 
with M ■ Mono and P * Poly.
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cooked minced carp  (flai and K in s e lla ,  1979) b u t a re  n o t in  
agreem ent w ith  d a ta  on m arine brown s h r ia p  (fio ttin o  e t  a l . ,  
1979) • fre sh w a te r  prawns d id  not develop an unaccep tab le  
ra n c id  f la v o r  i r r e s p e c t iv e  of th e  packaging c o n d itio n  and 
aethod (Beddy e t  a l . ,  19b 1).
L ip id  o x id a tio n  i s  im p o rta n t s in c e  f r e e  f a t t y  ac id s  fron  
o x id ized  l i p i d s  fu n c tio n  in  p ro te in  d e n a tu ra tio n  a s ,  demons­
t r a te d  by f r e e  amino ac id  changes d esc rib ed  p re v io u s ly . 
Loss of s p e c i f ic  amino a c id s ,  i . e . ,  h i s t i d i n e ,  ly s in e ,  and 
m eth ion ine, was r e la te d  to  f r e e  t a t t y  a c id s  from l ip i d  o x i­
d a tio n  (fioubal and T appel, 19fab) • The high c o n c e n tra tio n s  
o f l i n o l e i c  and l in o l e n ic  a c id s  seen  in  th e  p re se n t s tu d y , 
a re  notew orthy s in c e  both were found to  ra p id ly  reduce the 
s o lu b i l i ty  of actom yosin d u rin g  fro z e n  s to ra g e  o f shrim p. 
T his m a te r ia l i s  in v o lv ed  in  th e  toughening of te x tu re  as 
noted in  our senso ry  s tu d y . The e f f e c t  o f  ic in g  f o r  0 , 10, 
20 days, p r io r  to  f re e z in g  on f a t t y  a c id  changes i s  shown in  
Table 20. The u n s a tu ra te d  f a t t y  a c id s  a re  maximal a t  20 
days, which su g g e s t th e  e f f e c t  of i c e  tre a tm en t on f a t t y  
a c id s  of f ro z e n  sh rim p . However, in  g e n e ra l, i c e  tre a tm e n ts  
f a i l e d  to  show a  s ig n i f i c a n t  in f lu e n c e  on changes in  f a t t y  
a c id s  c o a p o s itio n .
The fo llo w in g  co n c lu sio n s  can be drawn:
(1) The l i p i d  com position  of th e  d ie t s  a f f e c t s  th e  compo­
s i t i o n  of shrim p body f a t ty  a c id s ,  e s p e c ia l ly  C15:0, C 16:1,
C17:0, C16:2 and C16:3.
T ab le  20. Mean value*  o f  f a t t y  a c id  com position  f o r  6 month* 
f ro z e n  shrim p a f t e r  s to ra g e  in  i c e  f o r  d i f f e r e n t  
p e r io d s  ( tre a tm e n ts )
F a t ty  A cid 0
•
T re a tm e n t I c e  S to ra g e  in  DavB) 
10 20
15«0 0 . 96ab
------- % --------
1 . 12a 0 .79
14*1 1.29 1 .71 1 .73
16.0 18.83 1 8 .33 17.32
l 6 ilw ? 6 .8 3 a ' 5 .9 4 ab 5 .09*
17*0 0 .9 3 1 .0 3 0 .51
IB i O 9 .0 3 8 .8 7 8 .98
I8 tlw 9 16.99 15.69 16.35
I 8 i 2w6 11.83 9 .37 10 .83
18 i 3w3 1.39 1 .87 1 .5 5
18»4w3 0 .9 3 3 .18 1.11
20 . 2w6 0 .68 0 .16 0 .4 3
20,3*9 0 .6 3 1 . 0? O.92
2 0 i 3 w6 2 .21 0 .00 0 .00
20,4w6 5 .11 5 .62 5 .90
20.5w3 9 .2 8 16.81 14 .53
22,4w6 0 .6 6 0 .4 4 0 .39
2 2 . 5w6 0 .8 7 0 .003 0 .57
22 ,5*3 0 .6 2 0 .2 5 0 .8 1
22 , 6*3 10.62 8 .4 0 11 .73
2 4 ,0 0 .2 3 8 .1 1 0 .4 l
SF 30 .03 2 9 .4 4 2 8 .02
MUFA 25.11 2 3 .3 4 23.18
PUFA 39 .73 4 1 .5 7 42 .88
SF/tJFA (MUFA+ 
PUFA) 0 .4 6 0 .4 5 0 .4 2
ab Means i n  th e  same l i n e  n o t  h e a r in g  a  s u p e r s c r ip t  l e t t e r  
or acommon s u p e r s c r ip t  l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
from  D u n can 's  M u lt ip le  Range T e s t  ( «0 .05)
SP = S a tu ra te d  F a t ty  Acids* UFA ■ U n sa tu ra ted  F a t ty  A cids 
w ith  M * Mono and P = P o ly .
I l l
(2) During ic e  s to ra g e , f a t t y  a c id s .  C l4 :0 , C16:1, C1d:2, 
C18:3, and C22;h, change s ig n i f i c a n t ly  (P < 0 .0 5 ) . The 
r e s u l t s  show ev idence o f f a t t y  ac id  o x id a tio n , e s p e c ia lly  
C18:2, daring  i c e  and fro zen  s to ra g e . I t  appeared th a t  f r e e  
f a t t y  ac id s  fo rned  iro n  th e  o x id ized  l i p i d s  p lay  a ro le  in  
t e x tu r a l  changes.
(3) Accumulation o f p o ly u n sa tu ra te d  f a t ty  a c id s  in  ic e  
and fro zen  s to re d  sh rin p  shows ev idence o f a n tio x id a n t prop­
e r t i e s .
(4) The i c e  t r e a tn e n t ,  i . e . ,  0, 10, and 20 days p r io r  to  
fro zen  s to ra g e , does n o t have a d e le te r io u s  e f f e c t  on the 
f a t ty  a c id s  o f th e  f ro z e n  shrim p.
U lt r a s t ru c tu re  o f S hrinp
M orphological s tu d ie s  o f sh r in p  t a i l  a u sc le  of P. s e t i ­
t e r  us were conducted to  exan ine th e  u l t r a s t r u c t r u a l  charac­
t e r i s t i c s  du ring  l i v e ,  20-day i c e  (0 C) and 6-nonth  fro zen  
(-20  C) s to ra g e . According to  t h i s  s tu d y , th e  changes in  
anino a c id s ,  and f a t ty  a c id s ,  enzyaes, and w ater co n ten t 
du rin g  s to ra g e  d id  a f f e c t  th e  u l t r a s t r u c tu r e  o f sh r in p  mus­
c l e s .  The e f f e c t  of ic e  and fro zen  s to ra g e  on u l t r a s t r u c -  
tu r a l  changes o f  th e  t a i l  muscle of shrim p a re  p re se n ted  in  
l i v e  s h r in p , i c e ,  and fro zen  s to re d  p ro d u c t.
L ive Shrimp
A lo n g i tu d in a l  s e c tio n  of th e  l iv e  shrim p t a i l  a u s c le  is
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Figure 16 . An electron micrograph of a longitudinal
section of the tail muscle obtained from live 
shrimp (P. setiferus). It shows three myo­
fibrils IMF), sarcomere (SC), H-band (H), and 
Z-lines(Z)(4&000X). Stained with lead citrate
and uranyl acetate.
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Table 21. Measurements of muscle parameters of 
P. setiferus from the Gulf of Mexico.
Live Shrimn Iced 21 Days Freeze -20°C 
6 Months
urn ± S.E. urn i S . E . um ± S. E.
Sarcomere
Length 2.5?la* 0.13 2.306b 0 . 1 3 2 .862a 0 . 1 3
Muscle
Thickness 1.301 0 .1 0 1 .2 5 8 0 .1 0 1.273 0 . 1 0
A-Band 2,440a 0.14 2.339a 0.14 2.884b 0.14
I-Band 0 .1l6 a 0 . 0 0 5 0.l08a 0 .0 0 5 0 .050b 0 . 0 0 5
K-Zone 0.107a 0 .0 0 3 0.124b 0 .0 0 3 0 . 0 0  c 0 .0 0 3
Thick
Filament 0 .025a 0 .0 0 1 0 .025a 0 .0 0 1 0 .120b 0 .0 0 1
Thin
Filament 0 .013a 0 .0 0 1 0 .010b 0 .0 0 1 0.007b 0 .0 0 1
Cleans in the same line not bearing a superscript letter 
or a common superscript letter are not significantly 
different from Duncan's Multiple Range Test (ot= 0 .05)
n = 10
11^
shown in  F igure  16. The n y o fib e rs  o f l iv e  sh r in p  under the  
l i g h t  microscope a re  d i s t i n c t  and r e ta in e d  th e i r  s t r u c t u r a l  
i n t e g r i t y .  Shrinp  ab d o a in a l a u s c le s  a re  aade up of f ib e rs*  
f o r c ic le s  n y o f io r i l s  and s n a i l  c o n t r a c t i l e  u n i ts  "S arconere" 
(F ig u re  16; SC). Under th e  tran sm iss io n  e le c tro n  a ic r o -  
scope* th e  n y o f ib r i l s  o f  th e  s h r in p  ab d o a in a l au sc le  showed 
a normal re p e a tin g  c ro s s  s t r i a t e d  bands p a t te rn  along th e  
n y o f ib r i l s .  Shrinp  sa rc o n e re  le n g th  was 2 .5  pa (nean v alue; 
T able 21). S h rin p  ab d o a in a l a u s c le s  (F igu res 16 and 17) 
were c l a s s i f i e d  a s  s h o r t  sa rco n ere  types* accord ing  to  
Atwood (1972). The sa rc o n e re  le n g th s  of l iv e  sh rin p  were 
n o t s ig n i f ic a n t ly  d i f f e r e n t  (P < 0.05) f ro a  th o se  of iced  
and fro zen  s h r in p .
The u l t r a s t r u c tu r e  o f  n u s d e  f ib e r s  fro n  l iv e  sh r in p  show 
d is t in g u is h a b le  2 - lanes*  A-band* I-band* and h-zone (F igures 
16 and 17). however, B - lin e s  were n o t found* which agree 
w ith  o th e r c ru c tace a n  s tu d ie s  (B randt e t  a l . * 1965; Ja h ro a i 
and Atwood* 1969; he N eil e t  a l .*  1972). flean value  o f
A-bands was 2 .44  pa* I-b an d  0.116 pn* and H-zone 0.107 pa 
(Table 2 1 ) ..
Cross s e c t io n s  of th e  s a rc o p la s n ic  r e t ic u lu n  (SB) were 
seen  between and around each n y o f ib r i l .  T ransverse  tu b u le s  
o f th e  s a rc o p la s n ic  re tic u lu n *  a re  p rese n ted  in  F ig u re  1h. 
a i to c h o n d r ia  (B) were found a t  th e  p erip h ery  o f th e  sa rc o ­
p la s n ic  r e t ic u lu n .  The a ito c h o n d r ia  were i n t a c t  bu t con­
ta in e d  ag g reg a tio n s  o f  c r i s t a e .  S ince a ito c h o n d ria  were no t
Figure 17. A longitud inal M otion o f l i v e  shrimp (£ . a e t ife r a s )t a i l  
muscle showing two m yofibrils, and one Z -line TO, th e myo­
f ib r i l  contains myosin filam ents (MY)and aotin  filam ents  
(AF) t 7 s , 000X1 Stained with lead c itr a te  and uranyl 
acetate .
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abundant, they  were s im ila r  to  white a u sc le  o f v e te b ra te s  
(B eatty  and Bocek, 1970). The n u c le i co n ta in ed  h e te ro ch ro - 
a a t in  (He) and abundant eu ch ro n a tin  (£u) (F igure 18).
i c e d  Shrimp
A lo n g itu d in a l  s e c t io n  of sh rin p  a u s c le  f ro a  20-day ic ed  
s to ra g e  (0 C) i s  shown in  f ig u re  19. M y o f ib r il la r  c o n s t i t ­
uen t breakdown was very ap p a ren t around Z - l in e s ,  s a rc o ­
p lasm ic d eg e n e ra tio n  in d ic a te d  th e  a c tio n  o f p r o te o ly t ic  
enzymes on th e  t i s s u e .  S im ila r  da ta  were re p o r te d  by How­
land  e t  a l .  (1982) i n  th e  fre sh w a te r  praw ns, M. ro s e n b e ra i i . 
However, th e  p r o te o ly t ic  a c t i v i t y  i s  ao re  ex te n s iv e  in  th e  
fre sh w a te r  prawn th an  in  £ . s e t i f e r u s . The th ic k n e s s  o f 
a c t in  decreased  s ig n i f i c a n t ly  (P < 0.0b) during  ic in g  (Table 
2 1 ) . This d ec rease  o f  th ic k n e s s  in  a c t in  in d ic a te s  degrada­
t io n  of th in  f i la m e n ts  (a c tin )  .
The d e te r io r a t io n  o f Z - l in e s  and lo s s  o f a y o f ila n e n t 
m a te r ia ls  (Table 21 and F ig u re  19) showed ev idence o f pro­
t e o l y s i s .  The l a t t e r  i s  th e  c o n tr ib u t in g  f a c to r  o f th e  te x ­
tu r a l  changes observed  in  th e  t a i l  au sc le  of penaeid  shrim p
(Figure 3) • The p r o te o ly t ic  d eg rad a tio n  of th e  au sc le
*
r e s u l te d  f ro a  th e  a c t io n  o f e i th e r  endogenous enzyaes o r by 
exogenous p ro c e sse s  due to  a i c r o b ia l  s p o ila g e . E i te n a i l le r  
(1974) and Bauer and E i t e n a i l l e r  (1974) observed ev idence of 
a c t iv e  endogenous p ro te a s e , ca th ep s in  D, and a ry la a id a s e  in  
w hite s h r ia p  a u s c le . In  a a a a a lia n  t i s s u e ,  c a th e p s in  D fro a  
bovine a y o f ib e rs  caused  d eg rad a tio n  of Z - l in e s  (fiobbin e t
Figure 18. Micrograph of an oblique section of live shrimp 
(P. setiferus)tail muscle. It shows few myo­
fibrils .(MF) and sections of the sarcoplasmic 
reticulum (SR). In the middle of the electron 
micrograph there is an elongated nucleus (N)and 
it contains marginated heterochromatin (He) and 
abundant euchromatin (Eu). A large mitochondria 
(M) is distinct with numerous cristae (25,000X). 
Stained with lead citrate and uranyl acetate.
Figure 19. A longitudinal section of shrimp (P. setiferus) 
tail muscle which has been iced for 20 days at 
0 C. It shows disintegrated Z-lines (Z) which 
was due to proteolysis. Abundant vesicles (V) 
between the myofibrils (MF) are present 
(48,900X). Stained with lead citrate and uranyl 
acetate.
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a l . ,  1979). Lee (1980) re c e n tly  re p o rte d  e x is te n c e  o f t ry p ­
s in  and chym otrypsin  in  th e  fre sh w a te r  prawn, nay p lay  a 
s i a i l a r  r o le  in  penaeid  s h r in p  a u sc le  p ro te o ly s is .
Data f ro a  v a rio u s  in v e s t ig a to r s  (Vanderzant e t  a l . ,  1970
1973; T arra n t e t  a l . ,  1973; D ainty  e t  a l . , 197b; S ik es and
Baxcy, 1979) and o b se rv a tio n s  (F igure U) s tro n g ly  su p p o rt
the ro le  a t exogenous a ic r o h ia l  enzynes in  a y o f ih r i l l a r  deg-
«
ra d a tio n  (F ig u res  19 and 20) • S ikes and Baxcy (1979) is o ­
la te d  39 p r o te o ly t ic  o rg a n isa s  which hydrolyzed p ro te in s ,  
such as c a s e in , s a rc o p la s n ic  p ro te in  f ro a  ch icken , egg a lb u - 
a in ,  and g e la t in .  Using pu re  c u l tu re s  o f Pseudomonas. sev­
e r a l  in v e s t ig a to r s  have noted  d e g rad a tiv e  e f f e c t s  upon soae 
m y o f ib r i l la r  p ro te in s  (T a rran t e t  a l . , 1973; D ainty e t  a l . ,  
197b; Jay and S h e le f , 1976; S ikes and Baxcy, 1979). T a rra n t 
e t  a l .  (1973), using  e x t r a c e l lu la r  enzyaes p re p a ra tio n  from 
P. f r a a i . dem onstrated  th a t  p ig  muscle m y o f ib r i l la r  p ro te in  
were ra p id ly  degraded by an e x t r a c e l lu la r  p ro te a s e . The 
p u r if ie d  enzyme from £ . t r a g i  a lso  degraded dense m a te r ia l 
f ro a  the Z - l in e  of th e  m y o f ib r i l .  L ikew ise, D ainty e t  a l .  
(197b) found th a t  under n a tu ra l  sp o ilag e  c o n d itio n s , tro p o ­
myosin o f th e  m y o f ib r i l la r  p ro te in  was degraded. Pseudomo­
nas s p . were among th e  most e f f e c t iv e  ac tom yosin -degraders, 
w ith some o f  th e  20 s t r a i n s  i s o la te d  d es tro y in g  up to  82 X 
of actomyosin (Jay and S h e le f , 1976). T h e re fo re , one o f the  
cau ses  o f u l t r a s t r u c tu r e  changes of shrim p m uscle observed 
(F ig u res  19, 20 and Table 21) during  e a r ly  s ta g e s  o f  ic e
s to ra g e  was due to  th e  p r o te o ly t ic  enzyaes p re s e n t in  t i s -
Figure 20. A longitud inal section  o f shrimp (£ . setiferua) t a i l  muscle 
which has been iced  for 20 days a t  0 c. I t  snows two myo­
f ib r i l s  (MF), eaoh containing myosin filam ents (MY) and actin  
filam ents (AF). The intexm yofibril space i s  ocoupied by 
m ultivesicularstructures (Mv), many d ifferen t s i i e s  of 
v e s ic le s  (V) and d isintegrated  mitochondria (M), ocoupied by 
granular m aterial replaced the mitochondrial oriatae  
(*0,000 X). Stained with lead ci trate and uranyl acetate .
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s u e . Hhen m ic ro b ia l sp o ila g e  occurred  ( a f te r  20 d ay s), 
m ic ro b ia l enzymes, such  a s  th o se  f r o a  Pseudomonas, i n i t i a t e d  
p ro te in  d eg rad a tio n .
The Z - l in e s  were broken a t  soae lo c a t io n s  and fragm enta­
t io n s  were observed i n  m yofibers (F igure 20). FuJcazava and 
B riskey (1969) su g g ested  th a t  changes au s t f i r s t  begin  with 
th e  Z -lin e s  and a t  th e  Z -I  Ju n c tio n  b e fo re  fra g m en ta tio n . 
The d eg rad a tio n  of Z - l in e s  was c o r r e la te d  with frag m en ta tio n  
and so f te n in g  o f  shrim p m uscle. F ragm entation  occurred  
through a p ro g re ss iv e  weakening, and in  soae in s ta n c e s  sub­
seq u en t p a r t i a l  d is s o lu t io n  o f  m a te r ia l  h e ld  w ith  the 
Z - l in e s  of m y o f ib r i ls .  U ltra  s t r u c tu r e  m icrographs o f 20-day 
ic e d  shrimp shown in  F ig u res  19 and 20 e x h ib ite d  n o t on ly  
th e  fad in g  and d is in te g r a t io n  of Z - l in e s ,  b u t a ls o  lo s s  
adhesion  of a c t in  m y o f ib r ils  norm ally h e ld  to g e th e r  through 
attachm ent to  t h e i r  Z - l in e s .
Sarcomere le n g th , and I-band  decreased  during ic in g  which 
in d ic a te d  th a t  th e  a u s c le  c o n tra c te d  s l i g h t ly .  The micro­
graph in  F igu re  20 d em o n stra te s  t h a t  a ito c h o n d ria  (B) was 
no t d i s t i n c t ,  and showed ev idence o f p r o te o ly t ic  d eg rad a tio n  
in  th e  o rg a n e lle s . M itochondria c r i s t a e  were degraded with 
none of th e  in te r m y o f ib r i l l a r  m itochondria  has i n t a c t  c r i ­
s t a e .  F re q u e n tly , degrad ing  m ito ch o n d ria l membranes and /o r 
sm all v e s ic le s  (V) were found in  th e  I -b a n d -Z - lin e  a rea  of 
degrading m yofilam ents. Although the source o f th e  sm a lle r  
v e s ic le s  i s  n o t known, most l i k e ly  t h e i r  o r ig in  would be th e
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e x is t in g  men bran e o f  th e  a u sc le  # such a s  those from 
a ito ch o n d ria#  s a rc o p la s n ic  re tic u lu n #  and T -tubu le  system s.
The changes observed during  ic ed  s to ra g e  of s h r ia p  a u s c le  
e v id e n tly  have an im pact on th e  sen so ry  p ro p e rtie s#  espe­
c i a l l y  the te x tu re  of sh r in p  (Table 2 ) .  In  ad d itio n #  th e  
in c re a s e  o f f r e e  aa in o  a c id s  (Table 10) observed during  ic e  
s to ra g e  in d i r e c t ly  su g g e s t th e  p r o te o ly t ic  breakdown causing
m
p o s ta o r te a  changes in  a u sc le  o f  s h r ia p  ( f ig u re s  19# 20 and
Table 21) . The in c re a s e  of f re e  a a in o  a c id s  i s  d e riv ed  f ro a  
Z -lin es#  a c t in  and sy o s in  and o th e r  s a rc o p la s n ic  m a te r ia ls .  
Also# L ig h tn e r  (1974) h a s  re p o r te d  th a t  b a c te r ia l  enzyaes 
were very a c t iv e  near th e  i n t e s t i n a l  t r a c t s .
O l t r a s t r u c tu r e  o f  Frozen Shrink
The u l t r a s t r u c tu r e  o f  a u sc le s  of fro zen  s h r ia p  f o r  6 
months a r e  g iven  in  f ig u re  21. The micrograph i l l u s t r a t e s  a 
broadening o f Z - l in e s  and sa rc o n e re  le n g th s  ran g in g  f ro a  1.6 
to  3.H urn (Xanie 2 1 ) . The broadening  o f Z - l in e s  and s h o r t  
sa rc o n e re  leng th#  1.6 un, in d ic a te d  t h a t  au sc le  f ib e r s  were 
s u p e rc o n tra c te d . The d iam eter of both th ic k  and th in  n y o fi-  
l a a e n ts  decreased# which showed evidence o f f ila m e n t 
d is in te g r a t io n  (Table 2 1 ). Elsewhere# Henderson e t  a l .  
(1970) observed h i s to lo g ic a l  ev idence th a t  Z - l in e s  s t r u c tu r e  
w ith  a y o f ib e rs  o f  bovine# p o rc in e , and r a b b i t  au sc le  
d is in te g ra te d  p ro g re s s iv e ly  with f ro z e n  s to ra g e .
P ro te in  d e n a tu ra tio n  i s  b e lie v e d  to  i n i t i a t e  th e  changes
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F ig u re  21. L o n g itu d in a l s e c t io n  o f  shrim p (P . s e t i f e r u s )
t a i l  m uscle f ro z e n  6 months a t  -20 C. I t  shows 
two m y o f ib r ils  (MF), in te r m y o f ib r i l l a r  v e s ic le s  
(V),  some o f  them a re  d i s in te g r a t in g  (a rro w ).
At th e  bo ttom  ...o':f th e  p ic tu r e  i s  a  d i s i n t e g r a t ­
ed m ito ch o n d ria  (M) (65tOOOX). S ta in e d  w ith  
le a d  c i t r a t e  and u ra n y l a c e ta te .
1 2 4
in  Z - l in e s , m yofilam ents and ti ie  c o n tra c tio n  of a y o f ib e rs  
(S ik o rsk i, 197b} . f a c t o r s  which cause suck d e n a tu ra tio n  a re  
fo rn a t io n  o f i c e  c r y s t a l  (Appendix f ig u re  3 ) ,  d eh y d ra tio n  of 
t i s s u e ,  and in c re a s e  o f  s a l t  c o n c e n tra tio n  (Appendix Table 
3; Shenonda, 1980) •
The e le c t ro n  m icrographs (Figure 21) a lso  showed a c o l­
la p se  and deform ation  o f th e  sa rco p lasm ic  r e t ic u lu n  in  the 
fro zen  s to re d  shrimp* According to  Shenouda (1980}, a 
re d u c tio n  o f th e  d is ta n c e  between m yofilam ents fa v o rs  forma­
t io n  of c ro s s -b r id g e s  between m yofilam ents, and th u s  s t i f ­
fe n s  th e  au sc le  f i b e r s .  The su p e rc o n tra c tio n  and s t i f f e n in g  
o f muscle c o r r e la te  w ith  t e x t u r a l  changes seen  in  senso ry  
d a ta  (Table 4) .
The d eg rad a tio n  of a ito c h o n d r ia  (HV) e x h ib ite d  th e  a c t iv ­
i t y  o f th e  m ito ch o n d ria l enzymes (F igure 2 1 ). S p l i t  f ib e r s  
and v e s ic le s  w ith m u lt ie le c tro n  dense bod ies (V) were 
o bserved . These v e s ic le s  were predom inant in  fro zen  s h r ia p  
compared w ith l i v e  and ic e d  s h r ia p .  The s iz e  and lo c a tio n  
o f th e  la rg e  v e s ic le s  in d ic a te d  th a t  they  were rem nants of 
degraded m ito ch o n d ria . The s m a lle r  v e s ic le s  were ap p a ren t 
b u t t h e i r  o r ig in  were n o t known. However, Abbott e t  a l .  
(1977) p o s tu la te d  t h a t  th e s e  sm a ll v e s ic le s  were formed from 
e x is t in g  membranes o f  a u s c le s , such as  th o se  f ro a  mitochond­
r i a ,  sa rco p lasm ic  r e t i c u lu n ,  and th e  T -tu b u le  system s. A lt­
hough n u c le i  were found in  l i v e  s h r ia p ,  th ey  were not 
observed in  ic e d  and frozen  s h r ia p .  The absence o f n u c leu s
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In  iced  and fro z en  sh r ia p  in d ic a te d  th a t  they  had shrunk 
beyond re c o g n itio n . For ex aap le , in  b e e t ,  A bbott e t  a l .
(1977) had re p o r te d  th a t  n u c le i  shrank  f ro a  11 to  3 |in a f t e r  
s to ra g e  fo r  192 h o u rs  a t  4 C c o o le r .
From th e  e le c t ro n  aicroscopy  s tu d ie s  o f £• s e t i f e r u s  con­
c lu s io n s  a re  made and a re  l i s t e d  in  Table 22. f ie s u lts
(Table 22) o f  e le c t ro n  microscopy in d ic a te  e n z y a a tic  degra­
d a tio n  of w hite s h r ia p  a u s c le  du ring  i c e  s to r a g e .  The deg­
ra d a tio n  o f a u s c le  c o n s t i tu e n ts ,  i . e . ,  a c t i n ,  z - l i n e s ( a i t o ­
ch o n d ria , e t c . ,  was no t pronounced in  fro zen  s h r ia p . The 
in c re a se  o f a i c r o b ia l  a c t i v i t y  su g g est an in c re a s e  in  exoge­
nous enzyaes which cause  s h r ia p  a u sc le  d eg rad a tio n . The 
p resence  of endogenous t i s s u e  enzyne was evidenced in  th e  
breakdown o f a c t in  du rin g  fro z e n  s to ra g e . These endogenous 
enzyaes p a r t ic ip a te d  during  p ro te o ly s is  i n  e a r ly  s ta g e s  of 
ic in g  of th e  s h r ia p . Thus, the in c re ase d  c o n c e n tra tio n s  of 
f r e e  aaino a c id ,  lo s s  of Z - l in e s  and th in  f i l a a e n t s  were 
c o r r e la te d  w ith  t e x tu r a l  changes observed du ring  ic e  s to ­
ra g e . In  c o n t r a s t ,  during  fro z en  s to ra g e  th e  d en a tu ra tio n  
of p ro te in , and c o n tra c t io n  of au sc le  r e s u l te d  in  hardening  
of sh r ia p  m y o f ib r i l la r  p ro te in s .  The e f f e c t  of f re e z in g  was 
r e f le c te d  in  lo s s  o f te n d e rn e ss  and ju ic in e s s  in  th e  frozen  
s h r ia p  p ro d u c t.
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Table 22. O l t r s t r u c tu r a l  c h a r a c t e r i s t i c s  of 
l i v e ,  ic e d  (0 C fo r  20 days) and fro zen  (-20 C 
fo r  6 months) sh rin p  (£.. s e t i f  e ras) n a sc ie .
l a i l  Muscle o f T a il  Muscle of T a il Muscle o f
Live Shrimp Iced  S hrinp  Prozen Shrinp
( 20 d a y s , OC ) (fa n o n th s , -20C)
1. Muscles appear 
normal 
2m Mean value  o f 
Sarcomere len g th  
i s  2 .5  pm
3 . Z - l in e s  i n t a c t  
and d i s t i n c t
4 . Mean v a lu e  o f  
a c t in  i s  0.013
5 . N uclei mere 
observed and 
a ito c h o n d r ia  
were i n t a c t  v ith
a u s c le s  shoved 
p ro te o ly s is  
Sarcomere le n g th  
and A-1 bands vere 
n o t s ig n i f i c a n t ly  
d i f f e r e n t  (P<0.05) 
from l i v e  sh rin p
lo s s  o f Z - l in e s  
vas ap p a ren t
Diameter o f  a c t in  
s ig n i f ic a n t ly  
decreased  (P<0.05) 
during  ic in g  
N uclei vere 
ab sen t and 
v e s ic le s  v ere  
p re s e n t;  c r i s t a e
au sc le  c o n tra c tio n s  
vere  observed 
S arconere  le n g th  
and A-I bands 
shoved s ig n i f i c a n t  
ly  d i f f e r e n t  
(P<0.05) from 
l iv e  and ic e d  
sh rin p
Z - l in e s  appeared 
to  be  broad and 
d if fu s e
D ia a e te r  of a c t in  
decreased  
s ig n i f i c a n t ly  
(P<0. 05)
N uclei v ere  
a b s e n t; abun dant 
v e s ic le s  
and
d i s t i n c t  c r i s t a e vere  degraded 
le a v in g  
a i to c h o a d r ia l  
v e s ic le s  observed
degraded
a ito ch o n d ria
SDflBABX AMD COMCLUSICMS
Ike p re s e a t  re s e a rc h  has shown th a t  f ro zen  sh r ia p  ( P. 
s e t i f e r u s  and P. s t v l i r o s t r i s )  becoae 16 % tougher a f t e r  a 
two nonth p e rio d  of fro zen  s to ra g e . in  a d d i t io n , th e  
u l t r a s t r u c tu r e  o f P. s e t i t e r u s  (fro zen  a t  -20 C f o r  6 
aonths) i l l u s t r a t e d  a broadening o f z - l i n e s ,  and sa rco n ere  
le n g th  ranged  f ro a  1.6 to  2 .6  tin. The s h o r t  sa rco n ere  
len g th  in d ic a te d  t h a t  th e  au sc le  was su p e rc o n tra c te d , i . e . ,  
toughened. I t  i s  notew orthy th a t  o v e ra l l  t e x tu r a l  r a t in g s  
were h ig h ly  c o r r e la te d  w ith  o v e ra l l  a c c e p ta b i l i ty  ( r 2=0.8) , 
d e a o n s tra tin g  th a t  s h r ia p  te x tu re  a f f e c t s  th e  o v e ra l l  r a t ­
in g s  of a c c e p ta b i l i ty . S ince te x tu r a l  changes v e re  ev a lu ­
a te d  s u b je c t iv e ly ,  o b je c t iv e  ae a su re n e n ts , i . e . ,  using 
In s tro n  a n a ly tic a l-a p p ro a c h e s !  should be f u r th e r  i n v e s t i ­
gated  •
Since f r e e  aaino a c id s  have been p rev io u s ly  in p l ic a te d  in  
in p a r t in g  v a r io u s  f l a v o r s  in  s h r ia p ,  changes in  th e s e  coa- 
ponnds du ring  fro zen  s to ra g e  v e re  f u r th e r  in v e s t ig a te d .  A ll 
f r e e  aa ino  a c id s  measured d ecreased  du ring  fro z e n  s to ra g e . 
G lyc ine , a la n in e ,  p h e n y la la n in e , and a rg in in e  decreased  s ig ­
n i f i c a n t ly ,  and were c o r r e la te d  w ith  a d e c lin e  in  sw eetness. 
D ata in d ic a te d  th a t  re d u c tio n  in  l e v e ls  o f f r e e  aa ino  a c id s  
was n o t caused  by d r ip  l o s s ,  b u t r a th e r  cou ld  be a t t r i b u te d  
to  th e  endogenous enzyaes such  a s  a a in o  a c id -re d u c in g  
enzyaes and those  p re se n t in  the  t i s s u e .  A lso, u l t r a s t r u c -
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t u r a l  o b se rv a tio n s  o f  m ito ch o n d ria  e x h ib ite d  ev idence of 
n ito c h o n d ria i e n z y a a tic  a c t i v i t y .  In  a d d i t io n ,  th e  d ia n e te r  
of both th e  th ic k  and th in  m y o filaaen ts  d ec reased , suggest*  
ing  f ila m e n ts  d i s in te g r a t io n .  A lthough fo rnaldehyde vas no t 
s tu d ie d  in  th e  p re s e n t r e s e a rc h , i t  h as  been re p o rte d  th a t  
form aldehyde complexes w ith  f r e e  aaino  a c id s ,  t h i s  in p a r t in g  
te x tu r a l  changes d u rin g  fro zen  s to ra g e . Ih u s , th e  ro le  of 
form aldehyde in  s h r ia p  t e x tu r a l  changes during fro zen  s to ­
rag e  needs to  be f u r th e r  exan ined . D if fe re n t co n cen tra ­
t io n s  of form aldehyde can be added to  th e  s h r ia p  b e fo re  f r o ­
zen s to ra g e  and th e  f r e e  amino a c id s  of th e  fro zen  product 
measured a t  d i f f e r e n t  tim e in t e r v a l s .
The e f f e c t s  of ic in g  on f r e e  aaino  a c id s ,  f a t ty  a c id s ,  
and sensory  g u a l i ty  and t h e i r  in te r r e l a t io n s h ip s  were ana­
ly z e d . The f r e e  aaino  a c id s , p ro l in e ,  a la n in e , g ly c in e , 
ta u r in e , and g lu tam ic  ac id  d ec lin e d  during  th e  f i r s t  ten  
days, in c re a se d  s l i g h t l y  over fo llo w in g  20 days, and 
in c re a se d  s ig n i f ic a n t ly  (P < 0 .0b) above i n i t i a l  l e v e ls  by 
30 days of ic e  s to ra g e . Furtherm ore, le u c in e  and ly s in e  
in c re a se d  l in e a r ly  (Leucine: I  = 0.95X + 2 7 ;  L ysine : X =
1.3X ♦ 30) du ring  i c in g ,  c o r r e la te d  w ith  th e  tim e o f ic e  
s to ra g e  (r*s Q.V}« Thus, le u c in e  and ly s in e  may be used a s  a 
b iochem ical index  i n  th e  d e te rm in a tio n  of sh r ia p  g u a l i ty .  
In  a d d i t io n , th re o n in e  and a rg in in e  s ig n i f i c a n t ly  decreased  
(P < 0.0b) from 0 to  20 days o f  ic e  s to ra g e . The d e c lin e  in  
f r e e  aaino  a c id s  from 0-20 days ic e  s to ra g e  was fo llow ed by 
a g e n e ra l lo s s  o f arom a, sw ee tn ess , and ju ic in e s s .  The
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in c re a se  of f r e e  amino a c id s ,  e s p e c ia l ly  between 20-30 days 
o± ic e  s to ra g e , shoved evidence of p ro te o ly s is  and was 
r e la te d  to  t e x tu r a l  changes, i . e . ,  s o f te n in g . S often ing  of 
shrim p t i s s u e  may occur in  th e  absence o f m ic ro b ia l sp o i­
la g e , and may be due to  endogenous enzymes, e . g . ,  t r y p s in ,  
chy mo try p s in  ( le e ,  1980), c a th e p s in  (Tappel, 1977), and c o l-  
lag en ases  (Handle e t  a l . , 197U). A lo n g itu d in a l  s e c tio n  of 
shrim p a u sc le  ( £• s e t i f e r u s) s to re d  f o r  20 days on i c e  (0 
C) dem onstrated m y o f ib r i l la r  breakdown, e s p e c ia l ly  Z - l in e s ,  
and sa rco p lasm ic  re tic u lu m  d eg e n e ra tio n . M itochondria were 
no t d i s t i n c t  and m ito ch o n d ria l c r i s t a e  vere  degraded to  th e  
e x te n t th a t  none o f  th e  i n t e r a y o f i b r i l l a r  a ito ch o n d ria  
r e ta in e d  i n t a c t  c r i s t a e .  I h e r e fo re ,  to  p rev en t d e te r io r a ­
t io n  in  sensory  p r o p e r t i e s ,  enzyaes must be in h ib i te d .
She e f f e c t  o f  ic in g  on fro zen  p ro d u ct fo r  0 , 10, and 20
days, p r io r  to  f re e z in g  was in v e s t ig a te d .  G en e ra lly , a l l  of 
th e  f re e  amino a c id  d ec reased  during  fro z en  s to ra g e  re g a rd ­
l e s s  o f th e  i c e  tre a tm e n t p r io r  to  f re e z in g . L ikew ise, ic in g  
p r io r  to  f re e z in g  d id  n o t have a d e tr im e n ta l e f f e c t  on th e  
f a t t y  a c id  le v e ls  of th e  fro zen  shrim p. On th e  c o n tra ry , 
d u ra tio n  o f i c e  s to ra g e  p r io r  t o  f re e z in g  s ig n i f ic a n t ly  
a f fe c te d  th e  sen so ry  g u a l i ty  of fro zen  sh rim p . X exture was 
s ig n i f ic a n t ly  d i f f e r e n t  (P < 0.0b) between 0 and 10 days 
tre a tm e n t i n  i c e  s to ra g e  a f t e r  2 months a s  w ell a s  a f t e r  6 
months o f f ro z e n  s to ra g e . O v era ll a c c e p ta b i l i ty  and appear­
ance (co lo r) d e te r io ra te d  s ig n i f i c a n t ly  (P < 0.05) fo r  
sh r ia p  a t  0 , 10, and 20 days o f i c e  s to ra g e , f ro z e n  shrim p.
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s to re d  in  ic e  f o r  a s h o r te r  t in e  (0, 10 days) b e fo re  f r e e z ­
in g , scored h igher (aore d e s ira b le )  th an  th o se  s to re d  fo r  a 
lo n g e r t i a e  in  i c e .  S ince o v e r a l l  te x tu re  and c o lo r  a re  
h igh ly  c o r r e la te d  w ith  o v e r a l l  a c c e p ta b i l i ty ,  reducing  th e  
d u ra tio n  (day < 10) of ic e  s to ra g e  w ill  in p ro v e  th e  senso ry  
q u a l i ty  o f th e  fro zen  s h r ia p .  The iaproved  q u a l i ty  of f ro ­
zen s h r ia p  was r e f le c te d  in  a p ro je c te d  h y p o th e tic a l h igher 
aonetary  value. ih e  e c o n o a ic a l a s p e c ts  of ia p ro v in g  th e  
fro zen  p ro d u cts  by reducing  d u ra tio n  of i c e  s to ra g e  w arran t 
f u r th e r  c o n s id e ra tio n .
Changes in  t a t t y  a c id  c o n p o s itio n s  o f £ .  s e t i f e r u s  and £. 
s t v l i r o s t r i s  were s tu d ie d .  Changes were e r r a t i c f and c o r re ­
la t io n s  with sen so ry  sco res  need f u r th e r  r e s e a rc h . However, 
soae v a lu ab le  d a ta  were o b ta in ed . F a tty  a c id s ,  C14s0, 
C1h:1, C1H:2, C l0 :3 , and C22:5, changed s ig n i f i c a n t ly  during 
0-30 days of i c e  s to ra g e . F a tty  ac id  C l8:2 decreased  a t  10 
to  20 days ic in g .  A p p aren tly , s h r ia p  lacit enzyae system s 
f o r  conversion  of C18:2 to  C20:4 and C18:3 to  C20:5 and 
C22:6 f a t t y  a c id s . However, o th e r  p o ly u n sa tu ra ted  f a t t y  
a c id  (P0FA) in c re a se d  s ig n i f i c a n t ly  (P < 0.05) f ro a  0 to  30 
days ic e  s to r a g e .  The in c re a s e  o f P0FA in d ic a te d  th a t  desa­
tu ra t io n  and chain e lo n g a tio n  had tak en  p la c e . During f r o ­
zen s to ra g e , th e  p ercen tag e  of s a tu ra te d  and ao n o sa tu ra te d  
f a t t y  a c id s  decreased  s l i g h t l y  a f t e r  2 ao n th s , and in c re a se d  
a f t e r  6 aon ths of f ro z e n  s to ra g e .
The s p e c ie s ,  £• s t y l i r o s t r i s . were r a is e d  in  s e p a ra te
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c o n tro l le d  ponds and s u p p lie d  c o n a e rc ia l d i e t s .  Marine 
B ation  20 and M aster Mix S h riap  D ie t. A n iaa ls  on th e  Master 
Mix Shrimp D ie t had s ig n i f i c a n t ly  ( f  < 0.05) h ig h e r amounts 
of g ly c in e  than  shrim p on th e  Marine fia tio n  20 d ie t .  Sim i­
la r ly #  th e  in c re a s e d  le v e ls  o f f re e  aa in o  a c id s  Here c o r re ­
la te d  a i t h  th e  sen so ry  s c o re s ,  e s p e c ia l ly  sw ee tn ess . In 
ad d itio n #  th e re  appears to  he an in v e rse  r e la t io n s h ip  b e t­
ween d ie ta ry  and f r e e  aa ino  a c id s  in  shrim p t i s s u e .  Since# 
as  noted# th e  econonic im portance of s h r ia p  a g u a c u ltu re  i s  
in c re as in g #  th e  m o d if ic a tio n  of d ie t  to  improve sensory  
g u a li ty  of the  f i n a l  p roduct should he f u r th e r  s tu d ie d .
The predom inant f a t ty  a c id s  of P. s e t i f e r u s  and P. s t v l i -  
r o s t r i s  in c lu d ed  C1b:0# C16:1# C18:0# C18:1# and C18;2#
C20:4, and C20:5 and C22:b. The f a t t y  ac ids#  C15:0, C16:1, 
0 7 :0 #  C18:2, and 0 8 : 3  f ro a  P . s e t i f e r u s  and p o n d -ra ised  P. 
s t y l i r o s t r i s  were s ig n i f i c a n t ly  d i f f e r e n t  (P < 0 .0 5 ) . The 
d if fe re n c e s  among th e  f a t ty  a c id  com positions o f  s h r ia p  on 
Marine fiation 20 and M aster Mix Shriap  D ie ts  vere a t t r ib u te d  
a a in ly  to  d ie ta ry  d i s s im i l a r i t y .  As noted, f u r th e r  re se a rc h  
i s  needed to  v e r ify  th e  e x te n t of d ie ta ry  e f f e c t s  on s h r ia p  
f la v o r .  The e n v iro n a e n ta l fa c to rs#  i .  e .#  s a l i n i t y  and temp­
e r a tu re  which a l t e r  th e se  f la v o r  conpounds a re  a d d i t io n a l  
f a c to r s  th a t  a re  w orthw hile m on ito ring .
In  summary# th e  e f f e c t  o f  i c e  and fro zen  s to ra g e  i s  e v i­
den t in  th e  s o f te n in g  and toughening o f sh riap#  re sp e c ­
t i v e l y .  These t e x tu r a l  changes a re  co n s id e rab ly  im p o rtan t
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s in c e  te x tu re  of sh r in p  i s  h ig h ly  c o r r e la te d  w ith consumer 
a c c e p ta b i l i ty  o f  sh r in p  l r a= 0 .8 ) . F ree amino a c id s  changed 
s ig n i f ic a n t ly  during  ic e  s to ra g e  and were r e la te d  to  the  
d e c lin e  of o v e ra l l  a c c e p ta b i l i ty  of sh r in p .
Free amino a c id  in c re a s e  and u l t r a s t r u c tu r e  d a ta  shoved 
evidence of Z- l i n e s  and n y o f ila n e n ts  d eg rad a tio n  during  
ic in g  and f re e z in g . D uration o f  i c e  s to ra g e  p r io r  to  f r e e z ­
ing  vas dem onstrated to  a f f e c t  th e  g u a l i ty  of th e  f i n a l  f r o ­
zen p ro d u c ts . I t  i s  recommended th a t  sh r in p  should  be f r o ­
zen p r io r  to  10 days ic e  s to r a g e .  The in n e d ia te  f re e z in g  o f 
sh r in p  on sh r in p  v e s s e ls ,  as i n  b rin e  f re e z in g , nay be d e s i ­
r a b le  s in c e  the  inproved f la v o r  g u a l i ty  of th e  p roduct w il l  
a f f e c t  u l t i n a t e  m onetary v a lu e . A lso, the  in p o r ta  nee o f 
sh ip b o ard  r e f r ig e r a t io n  and f re e z in g , such as  through r e f r i ­
g e ra ted  seaw ater sp ra y , i s  in c re a s in g . The b io c h e n ic a l and 
u l t r a s t r u c tu r a l  changes in  sh r in p  during sh ipboard  p ro cess­
in g  needs f u r th e r  c l a r i f i c a t i o n  to  develop nore e f f i c i e n t  
p ro cess in g  methods f o r  o p t in a l  p roduct g u a l i ty .
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Appendix T able 1
G lossary o i  Terns 
Aroma: A d i s t i n c t i v e  c h a r a c te r i s t i c s  o r su g g e s tiv e  of
fra g ra n ce  or odor.
A ttr ib u te s :  C la s s i f ic a t io n  o f in d iv id u a l u n i ts  a s  accep­
ta b le  o r  unaccep tab le  
A ctin : P ro te in  f ro a  th in  f i l a n e n t  o f a u sc le  th a t  i s  a c tiv e
in  a u s c u la r  c o n t ra c t io n .
A ctoayosin: A complex o f tv o  p r o te in s /  a c t in  and ay o s in ,
forming a m ajor c o n s t i tu e n t  o f  a u s c le . Shorten ing  of 
ac to ay o s in  f i b r i l s  produces c o n tra c tio n  of a u s c le s . 
C o llagen : F ib rous p r o te in ,  which on b o il in g  y ie ld s  g e la t in .  
Poras i n t e r c e l l u l a r  f i b e r s .  One o f p r in c ip a l  s k e le ta l  
su b s ta n c e s , b u ild in g  c e l l s  and t i s s u e  to g e th e r ,  
probably  th roughout th e  ae taz o a . I d e n t i f i a b le  by a 
p e c u lia r  aaino  a c id , h y d ro x y p ro lin e , which h a rd ly  
occurs e lsew here  in  an im a ls .
Drip lo s s :  L iguid  which se p a ra te d  f r e e ly  du ring  thawing
f ro a  th e  f ro z e n  food p ro d u c ts  w ithout a p p l ic a t io n  
o f a e c h a n ic a l o r  nannual p re ssu re  (A u re ll, 1976). 
F lav o r: A s in g le d  but u n ita ry  experience  which in c lu d e s
s e n s a tio n s  such  as v a ra th , co ld  o r  a i ld  p a in .
F lav o r p re c u rso r : compound o r compounds f ro a  food which
undergo chem ical r e a c t io n  during  p ro cess in g  and 
produced f l a v o r ,  
l e a s t  sg u a re  ae th o d : A method o f e s tim a tin g  a fu n c tio n
th a t  a in im izes  the  sua of sg u ares  o f th e  d e v ia tio n s
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from th e  e s tim a te .
H eso p h ilic  b a c te r ia ;  H ith optimum tem peratu re  growth 
between 20 and 45 C.
H y o i ib r i l la r  p ro te in s :  P ro te in s  re sp o n s ib le  f o r  th e
c o n t r a t i l e  a p p a ra tu s  o f th e  muscle (about 55% o f th e  
t o t a l  m uscle p r o t e in s ) • They a re  e z t r a c ta b le  by high 
io n ic  s tr e n g th  s o lu t io n s  (p * 0.5) a s  ac to ay o s in .
flyosin: A f ib ro u s  g lo b u lin  of au sc le  th a t  can s p l i t  ATP
and th a t  r e a c ts  w ith  a c t in  to  form ac to ay o s in .
O b jec tiv e : Capable of being  reco rded  by p h y s ic a l in s t r u ­
ments o r a s  a consequence of a rep ea ted  o p e ra t io n .
O rg an o lep tic : (1) A ffec tin g  o r making an im pression  upon
an organ o r the  whole organism . (2) Sometimes used as  
a synonym f o r  sen so ry  when r e f e r r in g  to  exam ination 
by t a s t e  o r sm e ll.
P an el: A group of people (o b se rv e rs / s u b je c ts /  ju d g e s ,
p a n e l is t s )  comparing a t e s t  p o p u la tio n  which has been 
s p e c ia l ly  s e le c te d  o r d es ig n a ted  in  the same manner/ 
e . g . ,  th ey  may be t r a in e d .
P ro b a b i l i ty :  The r e l a t i v e  freguency of o b je c ts  o r  th in g s
in  a given c la s s  o f  a p ro b a b i l i ty  s e t .
P sy ch ro tro p h ic  b a c te r ia :  H ith optimun tem p era tu re  fo r
growth below 20 C.
Q u a lity : (1) An a s p e c t , a t t r i b u t e ,  c h a r a c t e r i s t i c s ,  o r
fundam ental dim ension o f ex p e rie n c e , which in v o lv e s  
v a r ia t io n  in  k ind  r a th e r  th a n  in  degree . (2) The 
com posite of those  c h a r a c te r i s t i c s  th a t  d i f f e r e n t i a t e
15^
among in d iv id u a l  u n i t s  of a p roduct and have s i g n i f i ­
cance in  determ in ing  th e  degree o f a c c e p ta b i l i ty  of 
th e  u n i t s  by th e  u se r.
Bancid: Having a rank  odor o r  t a s t e ,  a s  th a t  o f old o i l
sam ple: A s e t  of o b je c ts  o r  th in g s  o rd in a r i ly  s e le c te d
a t  randon f ro a  a l a r g e r  s e t  c a l le d  u n iv e rse .
Sarcoplasm ic p ro te in s :  S o lub le  p ro te in s  which a re
e x tra c te d  by low io n ic  s tre n g th  s o lu t io n  (u = 0 .1 ) .  
These a re  n a in ly  s a rc o p la s a a t ic  p ro te in s  (about 20% 
o f t o t a l  au sc le  p ro te in  in  f is h )  and, to  a sm all 
e x te n t ,  so lu b le  c o lla g e n .
S core: A value  a ss ig n ed  to  a s p e c i f ic  response aade to  a
t e s t  i t e a .
S ensory : P e r ta in s  to  th e  sen se  o rgans. Sensory t e s t s  a re
those accom plished by th e  responses ob ta ined  w ith the  
sense o rgans such a s  s i g h t ,  f e e l ,  t a s t e ,  and sm e ll.
Shear fo rc e :  A p p lica tio n  o f fo rc e  to  a su b stan ce  in  such
a aanner th a t  i t  nay be se p a ra te  in to  two (or nore) 
p a r t s ,  w ith one p a r t  s l i d in g  beyond th e  o th e r  p a r t .
S h e l f - l i f e :  The p e rio d  of time during  which a m a te r ia l  aay
be s to re d  and re a a in  s u i ta b le  f o r  u se .
S tandard  e r r o r  (S .E .) :  The s ta n d a rd  d e v ia tio n  o f saap liu g
d is t r ib u t io n .
S tro aa  p ro te in :  In s o lu b le  p ro te in s  in  n e u tra l  agueous
s o lu t io n s  (about 15% o f  th e  a u sc le  p ro te in s )  and 
c o n ta in s  a high p ro p o rtio n  c o lla g e n . Although n a tiv e  
c o llag e n  i s  n o t degraded to  a la rg e  e x te n t by p ro te a se s
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l i k e  t r y p s in  and chy n o try p s in , i t s  th e rn a l  p ro p e r tie s  
a r e  a f fe c te d  by th e se  enzynes (f ia ily , 1968).
S u b jec tiv e : P e r ta in in g  to  in d iv id u a l ex p erien ce  which can
be observed and re p o r te d  only by th e  person in v o lv ed .
Sweet: A g u a lity  of t a s te  se n sa tio n  of which th e  t a s t e  o f
su c ro se  i s  th e  ty p ic a l  ex an p le .
T ex tu re : P e rc e p tio n s  which c o n s t i tu t e  th e  e v a lu a tio n  of a
f o o d 's  p h y s ic a l c h a r a c t e r i s t i c s  by th e  sk in  o f n u sc le  
se n ses  o f th e  b u cc a l c a v i ty ,  expecting  th e  s e n sa tio n s  
of te n p e ra tu re  o r  p a in .
T roponyosin: A c r y s t a l l i z a b l e  rod-shaped p ro te in  of
n u sc le  th a t  i s  re sp o n s ib le  in  p a r t  f o r  th e  c a lc iu n  
s e n s i t iv i ty  o f  n y o f ib r i l s .
V ariance: The sq u a re  o f th e  s ta n d a rd  d e v ia tio n .
V isc o s ity : The n u n e r ic a l  in d ex  of th e  r e s is ta n c e  to  flow
of a new tonian f lu id .
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Appendix Sable 2 . Beviev o f L i te r a tu r e :  U l t r a s t r u c tu r a l  
and b iochem ical changes in  peaae id  sh r ia p  and sensory  
c o r r e la t io n s  du ring  ic e  and fro z e n  s to ra g e .
I .  D egradative fieac tio n s  in  S hriap
A. B a c te r ia l  con tam ination
1. ttic ro o rg a n isn s  in  s h r ia p :
V anderzant e t  a l . , 1970; 19 73 
Cobb e t  a l . ,  1973; 1976;
2. B a c te r ia l  m u l t ip l ic a t io n  during  p ro cessin g :
H arriso n  and Lee, 1969; B idley and S la b y j, 1970 
Stevenson & B ich a rd s , 1976;
A lvarez and K oburger, 1979; F ie g e r , 1950
Olson and S h e lto n , 1973; Green, 1949
B. P ro te o ly s is
1. P ro te a se s  in  n i lk ,  s e a t  and t i s h :
Adaa e t  a l . ,  1976;
G e is t and C ran fo rd , 1974; Deng, 1981
Jay and S h e le f , 1976; S e ib e r t ,  1958
2. P ro te a se s  i n  s h r ia p  and p ravns:
Shibko e t  a l . ,  1963; Lee, 1980
Cheuk e t  a l . ,  1979; L ig h tn e r, 1974
3. P ro te a se s  f ro a  a ic ro o rg a n is a s :
S ike and Haxcy, 1979;
Hasegaua e t  a l . ,  1970; Borton e t  a l . ,  1970
X arran t e t  a l . ,  1973; D ainty e t  a l . ,  1975
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leh  e t  a l .  ,
Mandlle e t  a l . , 
B a ily ,
4. P ro te a se s  f ro a  Nuscle t i s s u e s  
S fh ittiny  e t  a l . , 1975;
b . S p e c if ic  enzyaes
a . C a thepsin  aad a ry la a id a s e s :
Bauer & E ite n m ile r , 1974;
E i t e n n i l l e r ,  1974;
b . Ammonia-producing enzyaes:
Cheuk e t  a l . ,  1979;
c . C o lagenases;
Jay and S h e le f , 1976;
Beddi e t  a l . ,  1972;
d. T rypsin  and chym otrypsin:
l e e ,  1980
e . L ip ases ;
Lanuza, 1974;
I I .  B etard iny  D egradative  B eac tio n s in  S h riap  
A. E ffe c t o f i c e  s to ra g e  on;
1. N ic ro o rg au isa s :
Vanderzant e t  a l . ,  1970;
No ore £ E i t e n n i l l e r ,  1980;
Cheuk e t  a l . ,  1979;
2. N itrogenous Conpounds:
iii la ic h o n  e t  a l .  ,  1977;
f lo r e s  6 C raw ford, 1973;
Love and Thompson, 1966;
Cohh 6 V anderzant, 1971;
3 . Sensory g u a l i ty :
P i t t ,
Tappelj
MHHB, 
Cohh e t  a l . .  
Jay , 1964a;
Kakade, e t  a l . ,  
Cohb e t  a l . ,  
leh  e t  a l . .
197b
1977
1978
1964
1968
1978
1976
1964h
1970
1974
1978
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Cohh e t  a l . ,  1976; 1S73;
Hard e t  a l . ,  1979;
fi. E ffe c t o f f ro z en  s to ra g e  on:
1. f lic ro rg a n isn s :
C o lc o tt & H acleod, 1974;
S lah y j e t  a l . , 1981;
2. M oisture and te x tu re :
Lew is, 1947;
Vollmar and H elton , 1981;
Mahon e t  a l . ,  1970;
Ahmed e t  a l . ,  1973;
3 . P ro te in  d e n a tu ra tio n :
See Appendix T a h lle
I I I .  P h y s ic a l P ro p e r t ie s  of Shrinp
A. T exture
1. T exture measurements:
Hale and H a te rs , 1981;
Edmunds & L i i l a r d ,  1979;
2 . P ro te in  d e n a tu ra tio n ;
See Appendix T a h lle  
fi. P ro te in  E x t r a c t a b i l i ty :
F ran k e l-C o n ra t, 1948;
B u ttkus, 1967;
Love and Mackey, 1962;
O lley and Duncan, 1965;
C onne ll, 1975;
C. F ine S tru c tu re
Cheuk e t  a l . , 
fianvart.
Khan, 
A u re ll ,  
fiehh e t  a l . .
H ila ich o n ,
Khan,
Dyer e t  a l .  
S ik o rsk i e t  a l . .  
Love and Hackey, 
C h ild s ,
1979
1979
1977
1976
1975
1979
1977
1950
1976
1962
1974
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1* Porcine* ch ick en , f i s h  and o th e r  a n in a is :
A bbott e t  a l . ,  1977;
Henderson e t  a l .  ,  1970;
2. C ru tacean :
HcNeil e t  a l . , 1972;
B randt e t  a l .  , 1965;
3. s h r ia p :
Howlana e t  a l . ,  1902;
4 . Sarconere le n g th :
Huxley, 1972;
H erring e t  a l . ,  1967;
B ello  e t  a l . ,
Swan,
Atwood,
l i g h t n e r ,
H a r r is , 
Hayes e t  a l . .
I f .  Bole of I n d iv id u a l  Compound in  S h rinp  F lavor
A. F ree anino a c id s
1. G eneral c o n s id e ra t io n s :
Amano and B ito , 1951; P e d ra ja ,
H ashiuoto , 1964; Bower,
Schewan and Jo n e s , 1957; Holden,
2. T aste  o f  f r e e  anino a c id s :
K ir ia u ra  e t  a l . , 1969; .s o la s ,
C a r ro l l  e t  a l . ,  196B;
3. Free amino a c id s  in  s h r in p :
V anderzant e t  a l . ,  1973; Konosu,
S h e le f  and Ja y , 1971;
Hoore & E i te n n i l l e r  1980;
B. F a tty  a c id s :
1. Bole o f  f a t t y  a c id s  in  f la v o rs
K in se lla  e t  a l . ,  1967; F o rss ,
1981
1962
1972
1974
1976
1971
1970
1969
1962
1969
1960
1969
P a n d o ra , 1963;
S ta rk  e t  a l . # 1967;
2. F a tty  a c id s  in  s h r ia p :
B o ttiao  e t  a l . ,  1979;
£eddy e t  a l . , 1961;
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Day, 1967 
B o ttin o , 1974
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Appendix T able 3. Factor* Causing P ro te in  D en a tu ra tio n  during 
s to ra g e  o f fro zen  f is h e ry  p roducts1.
FACTOR CAUSING PROTEIN DENATURATION REFERENCE
A. Factors r e la te d  to  changes in  f i s h  
■ o is ta re
1. damage due to  ic e  c r y s ta l s
2 . damage due to  d eh y d ra tio n
3. damage due to  s a l t  c o n c e n tra tio n s
B. F ac to rs  r e la te d  to  f i s h  l i p i d
1. In f lu e n c e  o f  i n t a c t  f i s h  l i p i d
2 . F a tty  a c id  in te r a c t io n  w ith  
p ro te in
C. Enzymatic a c t i v i t y  o f  THAOase
1. D is tr ib u t io n  o f  THAO and THAOase
lo v e , 1968 
K ent, 1975 
Dyer and D ingle , 
1961 
T anford , 1973 
le v in ,  1974 
K ent, 1975 
Sussman and 
Chin, 1966 
Charm and 
Hoody, 1966
Deng, 1977 
lo v e , 1968 
O lley  e t  a l . ,1 9 6 2  
Jarenbaqk  and 
lil je m a rk ,1 9 7 5 a  
King e t  a l . ,1 9 6 2
Konosu e t  a l . , 
1974 
C a s te l l  e t  a l . ,  
1970
2 . E ffe c t and aode o f  a c tio n  o f 
fo raa ld eh y d e
D. I n te r a c t io n  between f a c to r  A,B,C
B a b b itt  e t  a l . ,  
1972 
D ingle e t  a l . ,
1977
Devar e t  a l . ,1 9 7 5
Ish ik av a  e t  a l . ,
1978
*From Shenouda, 1980; S ik o r sk i, 1976.
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Appendix T ab le  4 . D e s c r ip t iv e  t e r n s  to r  sh r in p  f la v o r 1
ABOHA TASTE TEXTUBE
C h a ra c te r i s t ic C h a ra c te r i s t ic Ju icy
sh rin p sh rin p
Aromatic Sweet watery
Fresh S a lty c r is p
F ish Fresh tough
S ea-breeze F ishy s o f t
Harsh sm elly F lavor f u l ln e s s neaty
N utty and Nutty and
b u tte ry b u tte ry
B oiled  co rn Neaty
(su lfu ry l)
1Fron Edmunds and L i l l a r d ,  1979*
Appendix Zable 5 . Hethod in  p re p a ra tio n  o f o u se le  
t i s s u e  fo r  E le c tro n  M icroscopy.
A. A pparatus and Heagents
1. Z e is s  10 e le c t ro n  n ic ro sco p e
2. 2.5X G lu ta ra ldehyde p repared  as fo llo w :
compound Amount P in a l  H o la r itv
Had2P04 .d 20 1 .8  g 0 .014 H
Ha2HP04.7H 20 23.25 g 0.082 H
HaCl 5 .0  g 0.086 H
50# G lu tara ldehyde 50 ml
fl30 98 a l
3. Hashing b u f fe r  p repared  a s  fo llo w :
a .
Compound Amount compound Amount
NaH2P04.HjQ 1.8 g HaCl 5 .0  g
Ma,iiP04 .7H20 23.25 g HaO 925.0 g
b .0 .1  M ca c o d y la te  b u ffe r  pH 7 .4  
501DII0H A SOLflTjOS. B
Sodium c a c o d y la te  42 .8  g Cone. HCL 5 ml
D is t i l l e d  w ater 2 .0  1 D is t i l l e d  w ater 603 a l
Hix 2 .7  ml o f  Sol B w ith  50 a l  of Sol A to  g iv e  
pH 7 .4
4. 8% (s a tu ra te d  ) agueous u ran y l a c e ta te .  S t i r
s o lu t io n  co n tin u o u sly  f o r  20 min and f i l t e r  th rough
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Hhataan t l  paper b e fo re  used .
5. 1* OsaiUA t e t r  oxide
6. 50*, 60*, 70*, 80*, 90*, 100* e th y l  a lc o h o l
7. Epoa 6 12
8. P ropylene oxide
fl. Procedure
1, F ixing
a .  T ran sfe r some f ix a t iv e  in  b u f fe r ,  1.25* G lutaraldehyde 
2* fo rna ldehyde in  0. 1 d caco d y la te  b u f fe r  pH 7 .4 , in  
a long v ia l  and s e t  in  i c e .
a . Put so ae  f ix a t iv e  w ith b u f fe r  on t i s s u e  and c u t  the 
th e  t is s u e  on to  3-4 as.
c .  T rausfer 5 p ie ce s  of 3-4 an t i s s u e  in to  v ia l  by wood 
s p l i n t e r  and th e  v ia l s  c o n ta in  f ix a t iv e .
d . A fte r  40 o in  i n  i c e  the  3-4  on t i s s u e s  a re  chopped
in to  0 .5  a n .
e . fiefix  th e  0 .5  aa t i s s u e  i n  v i a l  fo r  30 Ain.
f .  Hash x ith  c aco d y la te  b u f fe r  5* sucrose  in  0.1 H
caco d y la te  b u ffe r  pH 7.4  3X 5-10 Ain.
2. Secondary F ix a tio n
a .  Draw anay a l l  th e  b u f fe r  by P asteu r p ip e t te  and add 
one h a l f  o f  a P as teu r p ip e t te  o f  1* O sn iu i te t ro x id e .
b . F ix  f o r  30-90 Ain (80 Ain) a t  roon te n p e ra tu re .
c .  D iscard  P a s te u r  p ip e t te  and o th e r  v a s te  w ith  OSO4 
i n  a p l a s t i c  jug  to  be d isc a rd ed .
C au tion : Boris. under hood and avoid  c o n ta c t  w ith
c h e a ic a l .
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d . Hash 3X w ith b u f fe r  and th e  fo u r th  t i a e  le av e  th e  
b u f fe r  f o r  30 win.
D iscard  unwanted b u f fe r  in  p l a s t i c  jug .
3. D ehydration  w ith ETOH:
a .  G radual ascending c o n c e n tra tio n s  of ETOH:
SOX ETOH 1 change 10-15 win
60% « « "
70% « « •
The p ro cess  can s to p  h e re  fo r  o v ern ig h t 
80% ETOH 2 change 10-15 n in
90% H 3 change "
100% M 3 change "
4 . I n f i l t r a t i o n
a .  Add propylene oxide (£0) to  g ive 1:1 PO:£TOH and l e t  
s e t  fo r  10 B in.
b . Bash th re e  tim es with PO fo r  10-15 min each .
c .  Fourth  t i n e  add th e  PO j u s t  b a re ly  
covering  th e  t i s s u e .
d . PO vs Epon:
i .  Add 36 drops o f  PO to  cover sp ec in en
i i .  Add 8 d ro p s  of Epon and s e t  f o r  30 Bin
fiepeat th e  a d d itio n  o f Epon f o r  3 t in e s  
to  g iv e  1:1 r a t i o  
i i i .  fiepeat 8 d ro p s o f Epon th re e  t in e s  fo r  
30 n in  each  to  g iv e  a r a t i o  o f 1 :2 . 
iv .  Add 24 d ro p s  o f Epon fo r  30 B in;
Add 24 d ro p s of Epon and le a v e  o v e rn ig h t w ithou t
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th e  caps ( t h i s  g iv e  1: 4 r a t io )  •
5. Embedding
a . T ran sfe r th e  t i s s u e  in s id e  th e  cap su le  by touching 
th e  t i p •
b. fo u r th e  £pon over on th e  s id e  and th e  a id d le  u n t i l  
the  £pon f i l l s  up th e  c a p s u le .
c .  Polym erize in  an oven f o r  72 hours a t  75C.
From fieynoid, 1963; B ello  e t  a l . , 1961.
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Appendix T able 6 .  Methods fo r  l i p i d s  e x t r a c t io n ,  
s a p o n if ic a t io n  and a e th y la t io n .
I .  Apparatus and £e agent
1. B lender
2. S ep ara tin g  fu n n e ls
S. Chloroform -M ethanol (2:1) w ith 0.02% BHT
4. 0.58% MaCl s o lu t io n
5. Hashing s o lu t io n ,  ch lo ro fo ru :B e th an o l:
0.58% NaCl (3:48:47)
6. B o ro n tr if lo u r id e  in  Methanol (14%)
7. 0 .5  S KOii in  Methanol
8. 0 .7  H HCL i n  Methanol
5. S a tu ra te d  NaCl s o lu t io n  and MaaS04 
B. Procedure
1. E x tra c tio n
a . Cut t i s s u e  as ra p id ly  as p o ss ib le  in to  s n a i l  p ie ce s .
b. Heigh o u t 4 y of t i s s u e .
c .  Use 17 t i n e s  w eight of t i s s u e  in  n l  of C h lo rfo rn -
Methanol in  hoaogen izer. Homogenize f o r  3 n in . 
a t  f u l l  speed .
d . F i l t e r  hoaogenate th rough  fo ld ed  f i l t e r  paper in to
a se p a ra to ry  f u n n e l . . B inse th e  beaker w ith th e  
reu a in in g  3 vo lunes o f C h lo ro fo rn - Bethanol and 
f i l t e r e d .
e .  The e x t r a c t  i s  n ixed  w ith 0 .2  i t s  volume o f 0.58%
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NaCl s o lu t io n  hy in v e r t in g  th e  fn n n e l 2-3 t in e s .
L et the  m ixture s tan d  o v e rn ig h t. Zhe so lv e n ts  v i l l  
s e p a ra te  i n to  a lo v e r  phase vhich i s  n a in ly  ch lo ro ­
form and c o n ta in s  l i p i d s ,
f .  C o lle c t th e  l i p i d  f r a c t i o n  and ev ap o ra te  th e  l i p i d  
e x t r a c t  to  d ryness i n  ro ta ry  e v a p o ra to r .
2. S a p o n if ic a tio n  and J e th y la t io n
a .  P lace  13-15 mg o f l i p i d  i n  a sc rev -caped  t e s t  tu h e  
and ev a p o ra te  th e  s o lv e n t ,  
h . Add 1 a l  of 0 .5  N KOH in  MeOH and cap t i g h t l y .
c .  Heat in  w ater ha th  fo r  6 n in  a t  85 C and co o l.
d . Add 1 a l  of 0 .7  N NCI in  MeOH and 3 a l  of Boron-
t r i f l u o r i d e  in  MeOH.
Heat in  w ater h a th  fo r  6 a in  a t  85 C and co o l.
e .  Add 6 a l  s a tu ra te d  NaCl s o lu t io n  and 4 a l  of r e ­
d i s t i l l e d  hexane. I n v e r t  15-20 t in e s  and l e t  
s ta n d  30 a in .  in  th e  d a rk .
f .  Beaove hexane la y e r  and add anhydrous Na3S04
(approxim ately  1/10 v o l of hexane) to  renove w ater.
’Fron; 1 .. M etcalfe e t  a l . ,  1966
2 . H arrison  and S a i th ,  1964
3. M etca lfe  and S c h a i tz ,  1961
4. G lass , 1971
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Appendix T able 7. O perating  param eters and m a te r ia ls  
used t o r  gas chrom atographic a n a ly s is  of f a t t y  ac id
com positions
Column
O perating  Tem perature: 
Column
D etecto r 
I n l e t  
c a r r i e r  gas 
C a rr ie r  flow r a t e  
A ir flow r a t e  
Hydrogen flow  r a t e  
A tten u a tio n  
A m plifie r 
Sample s iz e  
S tandard
1 .8  m eters X 2mm 1. D. g la s s  
1b % EGSSX on CJtromosorb 8,
AH 60/100 mesh
I n i t i a l  16 a in .  160 C
Programmed 160-200 c a 2 C/min.
F in a l  46 n in . ,  9 200 C
22b C
22b C
H itrogen
40 a l  per min.
283 a l  per a in .
60 ml per n in .
32X
100X
v a r ie s  {5 u l -  10 |il) 
P o ly sc ien c e  c o r . .  K it 1610 
PUFA-2, S upelco , in c .
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Appendix Table 8 . P rocedures f o r  th e  d e te rm in a tio n  o f 
T o ta l K je ld ah l N itrogen1.
A. A pparatus and fieagents
1. Block D igest-40
2. Technicon M anifold f o r  Aaaonia
3. Cheaware TPE (Teflon  b o il in g  s to n e s ) ,  Barkson S cien ce , 
I n c . ,  Box 767, D elaar, CA 92104
4. M ercuric S u lfa te :  D isso lve  8 g red  m ercuric  o x id e  
(HgO) in  50 a l  o f  1:4 s u l f u r i c  a c id  (10 n l  cone B SO : 
40 a l  d i s t i l l e d  water) and d i lu te  to  100 a l  w ith 
d i s t i l l e d  w ater.
5. D igestion  S o lu tio n : D isso lve  133 g o f K2S04 in  700 a l  
of d i s t i l l e d  w ater and 200 a l  o f  cone H2SO4- Add 25 a l  
o f a e rc u r ic  s u l f a t e  s o lu t io n  and d i lu t e  to  1 l i t e r .
6.  S u lfu r ic  Acid S o lu tio n  4%
7. S tock Sodiua Hydroxide 20X
8. Stock Sodium Potassium  T a r t r a te  S o lu tio n  20%
9. Stock B uffer S o lu tio n : D isso lv e  134.Og o f sod iua
phosphate, d ib a s ic  (Na2HP04) in  about 600 a l  of 
aaaonia f r e e  w ater. Add 20 g of so d iu a  hydroxide and 
d i lu t e  to  1 l i t e r .
10. Borking B u ffe r  S o lu tio n : Combine th e  re a g e n ts  in  th e  
s t a t e d  o rd e r ; add 250 a l  o f  s to c k  so d iu a  p o ta ss iu a  
t a r t r a t e  s o lu t io n  (8) to  200 a l  o f s to c k  b u f fe r
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so lu t io n  (9) and n ix . Add xx a l  so d iu a  hydroxide 
so lu t io n  (7) and d i lu t e  to  1 l i t e r .
11. Sodiua S a iic y la te /S o d iu a  H itro p ru s s id e  S o lu tio n : 
D isso lve 150 g of sod iun  s l i c y l a t e  and .3  g o f sod iua  
n itro p c u s s id e  in  about 600 a l  o t aaaon ia  f r e e  w ater 
and d i lu t e  to  1 l i t e r .
12. Sodiua H ypoch lo rite  S o lu tio n : D ilu te  6 .0  a l  so d iu a  
hypoch lo ride  s o lu t io n  (c lo rox) to  100 a l  w ith aaaon ia  
f re e  d i s t i l l e d  w ater.
13. Anaoniun c h lo r id e ,  s to ck  s o lu t io n :  D isso lve  3.81 g 
Mtt*Cl in  d i s t i l l e d  w ater and b r in y  to  vo luae in  a 1 
l i t e r  v o lu a e tr ic  f l a s k .  1 a l  = 1.0 ag BH4-H-
B. Procedure
1. D ig es tio n :
a .  To 20 o r 25 a l  of s a u p le , add 5 a l  o f d ig e s tio n  
s o lu t io n  (5) and a ix .
b . Add (d -8) T eflon  b o il in g  s to n e s .
c .  H ith block  d ig e s to r  in  aan u al aode s e t  low and h igh  
te a p e ra tu re  a t  160 c and p re h e a t u n i t  to  160C.
Place tu b es i n  d ig e s to r  and sw itch  to  a u to a a t ic  
aode. S et low te a p e ra tu re  t i n e r  f o r  1 h ou r. B eset 
high te a p e ra tu re  to  380 C and s e t  t i a e r  f o r  two and 
h a l f  h o u rs .
d . Cool s a a p le  and d i lu t e  to  25 a l  w ith aaao n ia  f r e e  
water
2. C a lo r ia e t r ic  A n a ly s is
3. C a lcu la tio n
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a .  P repare  s ta n d a rd  curve b j  p lo t t in g  peat h e ig h ts  o f  
p rocessed  s ta n d a rd s  a g a in s t  c o n c e n tra tio n  v a lu es . 
Coapute c o n c e n tra t io n s  b j  comparing sa n p le  peak 
h e ig h ts  with s tan d a rd  c u rv e .
'From G ales and Booth, 1978.
A p p e n d ix  T a b l e  9
P r o b a b i l i ty  o f  th e  F v a lu e  i n  th e  L e a s t Square A n a ly s is  o f  V ariance 
f o r  f r e e  amino a c id s  i n  Bhrimp.
MAUV EFFECT PRO GLY
F ree  Amino A cids 
ALA MET HIST ARC GLO PHE
BATCH .5061 .0451 .0339 .0731 .0010 .6404 .5126 .1432
FREEZE .0501 .001*2 .0251 .9973 .2093 .0414 .0004 .0415
ICE .7608 .5044 .5006 .9587 .8358 .1580 ojikfl .0373
FREEZE X ICE
1 .0022 —
''p r o b a b i l i ty  o v er 25 % f o r  th e  in t e r a c t io n  "FREEZE X ICE” were removed from th e  
model*
A p p e n d ix  T a b l e  1 0
P r o b a b i l i ty  o f  th e  F v a lu e  i n  th e  b e a s t  Square A n a ly s is  o f  V ariance 
f o r  f a t t y  a c id s  i n  shrim p
MAUI EFFECT I7 i0
F a t ty  A cids 
18ilw9 I8i2w6 181 > 3 20i2w6 20i4w6 15»0 14*0 l6 ilw 7
BATCH .0012 .0182 .0001 .0001 .0273 .0058 .0001 .4233 .0001
FREEZE .0277 .1748 .0990 .9705 .0519 .1618 .0001 .0128 .0004
ICE .7376 .6489 .2209 .8413 .6086 .2117 .3360 .5933 .2401
FREEZE X ICE
1 .1206 • • .1195 .2200
P r o b a b i l i t y  o v e r 25 % f o r  th e  i n t e r a c t i o n  "FREEZE X ICE" w ere removed from th e  
m odel.
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A p p e n d ix  T a b l e  11
P r o b a b i l i ty  o f  th e  F v a lu e  i n  th e  L e a s t Square 
A n a ly s is  o f  V arian ce  “  S enso ry  E v a lu a tio n .
MAIN EFFECT
CHARACT.
SHRIMP
Aroma 
AROMATIC FISHY BOILED CORN
BATCH .0010 .0020 .9399 .0194
freeze .1952 .5259 .9909 .3231
ICE .8608 .4973 .0852 .0182
FREEZE X ICE .1337 — — —
T a s te
MAIN EFFECT SHRIMPY SALTY FISHY SPOILED TEXTURE
BATCH .1468 .5483 .6138 .4587 .0142
freeze .3969 *0797 .0811 ,0391 .0645
ICE .0037 .2331 .0039 0001 .4548
FREEZE X ICE .1660 .2240 « 0150 .1175
MAIN EFFECT OVERALL
AROMA
OVERALL
TASTE
OVERALL
TEXTURE
OVERALL DOLLARS 
ACCEPT.
BATCH .0003 .1232 .1669 .0595 .5054
FREEZE .0668 .1650 .0013 .2455  .3945
ICE • 1011 .0001 .0007 .0001  .0521
FREEZE X ICE .0406 .1462 .1781 .1379
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Appendix T ab le  12 
C o r r e la t io n  o f  chem ical d a ta  w ith  eenBory e v a lu a t io n
S ensory  E v a lu a tio n
DATA CHARACTERISTIC OVERALL OVERALL OVERALL
SHRIMP TASTE TEXTURE ACCEPT.
Amino A cids
G ly c in e - .1 6 — -.1 6 - -
A.lanine - .3 3 - .2 9 - .1 6 - .2 3
I soleucine — — —
Leucine - .2 5 1 • V4 O .18 - .3 1
Phenylalanine — - .2 1 - .1 6 - .1 6
L ysine - .1 8 - .2 2 — -.2 1
F a t ty  A cids
14.1 - .1 7 — - -
I8 ilw 9 - .2 1 - - — —
18. 3*3 - .2 3 — — —
I8.4w3 - .1 7
GOH•1 — —
20t3w9 .17 — —
20.4*6 - .1 7 — — .18
20i5w3 - .1 8 - .1 7 - .1 9
22*4w6 .2 3 — --- .21
22 .5 w6 .23 — --- .17
22 i 5w3 — — .17
n2-h2o EXTRACT • 23 • 24 ---
HCM•
n 2-d r i p - .2 4 — — .21
NOTE i o b s e rv a t io n s  > 150
p r o b a b i l i t y  s i g n i f i c a n t  « P>IRI* 0 .0 5 .
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A p p e n d ix  T a b l e  1 3
Mean v a lu e  o f  f r e e  amino a c id  f o r  2 months f ro z e n  
shrim p
Amino A cids 0 10 20
A.A./lOOg shrim p t i s s u e  -------------
TAU 5 5 .6 5 33.78 29 .23
ASF 7 .1 3 2 .3 5 2 .40
THR N.A. N.A. 215.12
SER N.A. N.A. 27 .12
PRO 148.36 170.04 194.48
CLU 30.97 4 5 .2 3 28.76
GLY 1182.77 639.21 577.48
ALA 168.18 246 .25 187.04
VAX 2 7 .7 3 78 .98 135.69
MET 6 3 .5 3 2 5 .95 2 2 .73
XLE 19 .74 2 7 .6 5 28 .65
LEU 23-98 3 0 .3 5 36.07
TYR 2 6 .6 2 134.12 18.66
FHE 2 3 .1 4 2 3 .6 3 24.67
LYS 2 1 .4 ? 31.06 4 4 .96
HIS 2 5 .7 7 16 .11 8 .9 2
ARO 286.46 200 .11 232 .45
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Appendix T ab le  14- 
E f f e c t  o f  f r e e z in g  — l i n e a r  Model
AMINO ACIDS LINEAR EQUATIONS P>F ra
P ro lin e Y= -29 X + 252 .0048 .26
G lycine Y= -219 X + 1513 -.0006 .36
A lan ine Y= -28  X + 256 .0081 .23
G lutam ic a c id Ys -4  X + 49 .0160 .20
A rg in in e Y*= -3 3  X + 353 .0400 .15
P h en y la lan in e Yc -1  X + 28 .0100 .22
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Appendix T ab le  15 
E f f e c t  o f  i c in g  — l i n e a r  Model
AMINO ACIDS
Ieoleucine
leucine
Lysine
A.rginine
phenylalanine
LINEAR EQUATIONS
Y« .70 X + 21 
Y« .9 5  X + 27 
Ye 1 .3  X + 30 
Ye 8 .3  X + 367 
Y= 0 .4  X + 28
P>F r 2
.028 .17
.006  .25
.010  .22
.050  .13
.020  .19
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A p p e n d ix  T a b l e  1 6 .  S e n s o r y  e v a l u a t i o n  B c o r i n g  f o r m ,
1(A) AROMA AWP*(B) MS1S
®* not present 
0 5 * J u st recogn isab le  
1 ■ B lig h t  
s*  Moderate 
A* Strong  
5* Very atrong
a(C) 3U 2SLE£
9 ■ Extremely tough
6 ■ Vary tough
7 ■ M oderately tough 
6 ■ S lig h t ly  tough
5 « S lig h t ly  s o f t
4 * M odsrstoly s o f t  
3 ■ Vary s o f t
2 * Extremely s o f t
1 •  Mushy
\ » )  OVERALL EVALUATION
9 * S x e t llo n t
6 * Vary good
7 * Qood
6 * S l ig h t ly  good
3 ■ Avtrage
4 * Fair 
3 •  poor
2 ■ Vary poor
1 ■ Unacceptable
(A) gPSKA ir iR W  to
C haraetaristiea  shrinp
Aromatic (p laasant)
F ishy
Mushy ( l ik a  mud)
B oiled  e o n  (su lfu x y l)
(D) OVERALL EVALUATION3
C haraetaristiea  shrimp
Sweat
J u ie in a ss
S a lt in e s s *
F ishy
Sp oiled
TEXTURE3
Aroma
J a ete
fe x tu r e
Color
O verall a eea p ta b ility
(S) Given tha p r ica  range a t  |2 .2 0  -  $1 .26  par lb
- Indicate r a ta i i  w ic a  foij tha jamnley ^
(F) Tf I t  were brtead at tha 1 aval you lndlcated,.
would you buy tha shrimp 
* Quantityi ( l‘w lb) 1 j I I I
(6) For c o lo r a lo n e , p lease  In d ica te  .price
Appendix Figure 1 . Sequence of reac tio n s  in  f le sh  shrimp
which change product from fresh to 
spoiled state*.
INTERMEDIATE
COMPOUNDS
E INTERMEDIATE 
N COMPOUNDS
z  
\
’From Pedraja, 1979.
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Appendix Figure 2. Agar plate counts of pond-raised shrimp
stored in ice for 28 days1.
£
8
K
O  P. VANAMl 
•  P. OCCIDENTAL IS 
□  P. AZTECUS 
■  P. SETIFERUS
DAVS OF STORAGE
^rom Vanderzant et al., 1973-
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Appendix Figure 3* Portrayal of the development of ice
crystals in tissue. Upper sequence, 
slow freezing! lower sequence, rapid 
freezing1.
'From Meryman, 1 9 6 3 .
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Appendix Figure 4. Affect of slow and rapid freezing on
tissue cells1,
Tissue Cell
Flavor
Nutrients
Slow Freeze
Flavor 
Nutrients
Rapid Freeze
Slow Freeze.
Flavor  ^
.Nutrients
Nutrien
Thaw H20 
Flavor 
Nutrients
Thaw
H*0
Flavor
Nutrients
'From Nagle, 1978.
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Appendix Figure 5* Various factors that affect (directly,
vertical pathways, or indirectly, 
horizontal arrows indicating positive 
or negative effect on each other) fish 
protein denaturation during frozen 
storage1.
lEnzymcl
tMAO
DMA
Moisture
e e  C ry iU l 
Formal I on
IFormtlOthvdMy d ro ly tn
n c r t t t a  S i l l  
o n e tn im io n
H
Protein Denaturation A Texture Deterioration
'From Shenouda, 1980
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Appendix F ig u re  6
3 0 0
2 5 0
200
150
100
5 0
US. SUPPLY OFALL FORMS 
OF SHRIMP,79 Ih e a d -o f f w t .1
U.S. IMPORTS EXPORTS FROZEN 
COMMERCIAL 
LANDINGS
1979 1980
COLD STORAGE 
HOLDINGS
From: CURRENT FISHERY STATISTICS*197fl;
CURRENT FISHERY STATISTICS, DEC.,1980 (Preliminary]
1 8 8
jm m zx  ncraz 7
EVALUATION OF BIOCHEMICAL,MICROBIOLOGICAL 
AND ULTRASTRUCTURAL CHANGES 
IN FREEZING OF SHRIMP
WILD ■■■
SHRIMP | SOURCE/
SPCOISI
SHRIMP 
CULTURED
COMPARISON 
OF WILD 
A CULTURED
I
EXPANDING
AQUA*
CULTURE
INDUSTRY
i
* L st o r
~ n
ay* 10Day* 20Day*
\ | /  
FREEZING 
6  MONTHS
f
FATTY
ACIDS
A
1 
I 
I
I
ANALYSES
♦
 F
AMINO 
ACIDS
♦
I 
I 
I 
♦
I finT  
structure! 
A~~
AROMA*-
VHCROBH3L0' 
I
PROTEIN 4^ \  
EXTRACIABIUTY I
i  L  “ “ UTYFLAVOR TEXTURE OUAl
ORGANOLEPTIC EVALUATION
I
IY
IMPROVEMENT 
OFPRODUCT 
OUAUTY CONTROL
FLAVOR
RBCOVIRT
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l l n o l e n i c  a c id
18 .2  (9 ,1 2 )  -----> 2 0 .2  ( 1 1 , 1 4 ) ---- > 22 .2  (1 3 ,1 7 )
(1 4 .6 0  J5) (0 .2 5  * ) j
1  i
18*3 ( 6 ,9 ,1 2 ) — V 2 0 .3  (8 ,1 1 ,1 4 )  — * 22*3 (1 0 ,1 3 ,1 ? )
i rIV
2 0 .4  (5 .8 ,1 1 ,1 4 )  — * 2 2 .4  (7 ,1 0 ,1 3 ,1 ? )
( 7.21  *)
i
2 2 .5  (4 ,7 ,1 0 ,1 3 ,1 ? )  
(1 .3 6  f )
Appendix F ig u re  8 . Pathw ays o f  f a t t y  a c id s  d e s a tu ra t io n
in  shrim p f o r  w6 group (#  from f re s h  
sh rim p ).
P a lm itic  a c id
16 tO  > I81O
(20.85 96) (9.04*)
i
I6 1 I  ( 9 )
(4 .9 2  *)
Appendix Figure 9« Pathway of fatty acids desaturation
in shrimp for w7 group (* from fresh 
shrimp).
S te a r ic  a c id  
18*0 
(9 .0 4  56)
I
O le ic  a c id
1811 (9)  » 20i 1 (11)  » 22i 1 (13)
(15.1*5 %) '
i i ‘
1 8 .2 ( 6 ,9 )  — » 2 0 .2  (8 ,1 1 ) 2 2 .2  (10 ,13 )
I i
2 0 .3  (5 .8 ,1 1 )  2 2 .3  (7 .1 0 .1 3 )
( 1 .3 7 * )  J
2 2 .4  (4 ,7 .1 0 ,1 3 )
Appendix F ig u re  10. Pathways of f a t t y  a c id s  d e s a tu ra t io n
in  shrim p f o r  w9 group (*  from f r e s h  
sh rim p ).
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L e n o l e n i c  a c i d
18 .3  ( 9 , 1 2 , 1 3 ) — 2 0 * 3 ( 1 1 , 1 4 , 1 7 ) ------- *  2 2 * 3 (1 3 .1 6 ,1 9 )
(1 .2 1  J6)
I
I 8 i4  (6 ,9 ,1 2 ,1 5 )------ » 2014 ( 8 , 1 4 , 1 7 )  > 2 2 i l l  (1 0 ,1 3 ,1 6 ,1 9 )
(0 .5 3  * )  , ,I i
2015 (5 .6 ,1 1 ,1 4 ,1 7 ) —» 2 2 i5  (7 .1 0 ,1 3 ,1 6 ,1 9 )  
(1 0 .0 5  Jt) (1 .8 7  H)
i
22*6 (4 ,7 ,1 0 ,1 3 ,1 6 ,1 9 )  
(6 .8 9  *)
Appendix F ig u re  11. Pathways o f f a t t y  a c id s  d e s a tu ra t io n
in  shrim p f o r  w3 group (j6 from f re s h  
sh rim p ).
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